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TECHNICAL MEMORANDUM X - 53325

STATISTICAL ANALYSIS OF PHOTOGRAPHIC METEOR DATA - PART 1 -
OPIK'S LUMINOUS EFFICIENCY AND SUPPLEMENTED WHIPPLE WEIGHTING

By
Charles C. Dalton

George C. Marshall Space Flight Center
Huntsville, Alabama

ABSTRACT
3% 974

After adjusting the estimate for the mass of a zero-absolute-visual-
magnitude meteor, formulas for meteoroid mass are derived from E, J. 6pik's
(1958) physical theory for dustball meteors. Masses are calculated for G. S.
Hawkins and R, B. Southworth's (1958) random sample of 285 sporadic photo-
graphic meteors, Weighting functions are derived for the statistical minimization
of the effects of several sources of bias, Means, standard deviations, and ordi-
nary, multiple, and partial correlations are shown for a 5-variate statistical
analysis, Weighted cumulative distributions for parameters are plotted for two
gradations with respect to mass. Data-point distributions are plotted which
establish cumulative flux as functions of mass, momentum, kinetic energy, etc.,
which show the effects of the earth's motion on the distributions and correlation
of parameters,

The results support revisions in the author's (Jan., 1965) interpretation
of Explorer XVI data and predicted puncture rates for the Pegasus meteoroid
measurement satellites. The apparent discrepancy between the logarithmically
linear relations between cumulative flux and mass, as inferred from photographic
meteors by G, S, Hawkins and E, K. L. Upton (1958) and from zodiacal light and
solar F-corona data by D, B, Beard (1963) is shown to be accountable by E. J.
Opik's (1951) probability that a particular meteoroid will encounter the earth in

one revolution of the particle. W[{J
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DEFINITION OF SYMBOLS
Definition

Meteor absolute visual magnitude.
Meteor absolute photographic magnitude.
Meteoroid mass in grams in space.
Meteoroid velocity before deceleration in the atmosphere.
Meteor total luminous efficiency.
Effective visible length of a meteor trajectory.
Effective time of meteor visibility.
Luminous efficiency of meteor "initial" and "impact radiation, "
Luminous efficiency of meteor '"temperature radiation."
Value of m which would be indicated if 8 were replaced by Bo.
Meteor luminous efficiency for a diluted coma.
Luminous efficiency for a compact cloud of meteor vapors.
Degree of dilution of a meteor coma.
Constants in the reduction formula for visual meteors.
Constants in the reduction formula for photographic meteors.

Functional representation of -log Bo.

Funciional representation o

Partial derivative of log B with respect to logv.

Meteor height in kilometers above sea level at the point of
maximum brilliance.

vii



Symbol

DEFINITION OF SYMBOLS (Cont'd)
Definition

Meteor height in kilometers above sea level at the point of
appearance.

Meteor height in kilometers above sea level at the point of
disappearance.

Zenith angle to meteor radiant in radians,

Elongation of the true radiant from the apex of the earth's
way in degrees.

Whipple's cosmic weight for meteors.
6pik's meteoroid-earth encounter probability.

Meteor heliocentric orbital eccentricity, or base of natural
logarithms, depending on context,

Celestial latitude of the corrected radiant in degrees.

We ighting factor due to bias in height and velocity.

We ighting factor for 6pik's earth-encounter probability P.
Right ascension of the corrected radiant in degrees,
Declination of the corrected radiant in degrees.

Limited reciprocal of the apparent fraction of the circle of
celestial latitude through the corrected radiant,

Difference bétween the celestial latitudes of the horizon points
on the circle of celestial latitude Be through the corrected radiant,
in radians.

Celestial latitude of the zenith.

Right ascension of the zenith in radians.

viii
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DEFINITION OF SYMBOLS (Cont'd)
Definition
Declination of the zenith.
The number of the calendar month (universal time),

The number of the day of the month including universal time as
a decimal fraction.

Local sidereal time,
Weighting factor for the zenith angle Z to the meteor radiant.

A constant factor in the exponent of the exponential weighting

factor f q

Weighting function for cumulative distribution of celestial
latitude of radiant Nfa fb fc f q

Data point for positive Be.

Data point for negative Be.

Weighting factor for obscured celestial latitude.
. S S £ £

Spatial weighting function fa fb fc q ff

Terrestrial weighting function ~ fa fC f d f £

Unity, fs’ or ft’ depending on the analysis indicated.
Average meteoroid material density in grams per cubic
centimeter for photographic meteors and for smaller meteoroids

with logm = -7.28,

Representation of log m, log Va’ I Bel , €, and A, respectively.
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ij
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T« klm

DEFINITION OF SYMBOLS ( Cont'd)
Definition

Sample weighted correlation coefficient between X, and X,
fori, j=1,...,5. ! )

The determinant of the sample weighted correlation coefficients
rij fori, j=1,...,5.

Cofactor of the element ri. in the determinant R,

Standard error of the estimate of X; from the equation of the
regression plane,

Multiple correlation coefficient for X, in relation to X,,...,Xs.

Partial correlation coefficient between Xi and X, with Xk’ Xl,and
X_ held fixed, where i, j, k, I, m, = 1,... ,5. 3

Data point for log m not less than the weighted median log m,
Data point for log m less than the weighted median log m,

Mean number of sporadic and stream meteoroids per second
per square meter of level surface with mass equal to or greater
than m grams,

Mean number of sporadic and stream meteors per second per
square meter of level surface with absolute photographic magnitude
equal to or less than Mp.

Mean number of sporadic and stream meteoroids per second per
square meter of level surface with momentum equal to or greater
than mv gram kilometers per second.

Mean number of sporadic and stream meteoroids per second per
square meter of level surface with kinetic energy equal to or
greater than mv? gram kilometers? second™2.




Symbol

Fv¥?

DEFINITION OF SYMBOLS ( Concluded)
Definition
Mean number of sporadic and stream meteoroids per second
per square meter of level surface with the geometric mean of
momentum and kinetic energy equal to or greater than mvY?

gm kmY? sec™¥2.

Factor by which the mean cumulative flux of sporadic and stream
meteors exceeds the mean cumulative flux of sporadic meteors.

Negative of the radius exponent for the concentration of zodiacal
light particles within a differential increment of radius.

Designation of probable error,

xi



TECHNICAL MEMORANDUM X - 53325

STATISTICAL ANALYSIS OF PHOTOGRAPHIC METEOR DATA - PART 1 -
OPIK'S LUMINOUS EFFICIENCY AND SUPPLEMENTED WHIPPLE WEIGHTING

SUMMARY

A formula for the mass of a meteoroid is derived from i)pik's [1] physical
theory for dustball meteors, Whipple's [ 2] estimate of unit mass for a zero-
absolute-visual-magnitude-thirty-kilometers-per-second meteor, and Hawkins
and,Upton's [ 3] color index. After applying Dalton's [4]- 0.20 order of magnitude
decrement in the estimate of luminous efficiency due to higher pressures in the
"U, S. Standard Atmosphere 1962" [5] and Oplk's [6] formulation of known
trail length, the masses and radiant celestial latitudes are calculated for Hawkins
and Southworth's [7,8] random sample of 285 sporadic meteors.

Weighting functions are derived for the statistical minimization' of the
effects of several sources of bias., Means, standard deviations, and ordinary,
multiple, and partial correlations are shown for a 5-variable statistical analysis.
Weighted cumulative distributions for parameters are plotted for two gradations
with respect to mass. Data-point distributions are plotted which establish cumu-
lative flux as functions of mass, momentum, kinetic energy, etc., which show
the effects of the earth's motion on the distributions and correlations of parameters.

The results support the revisions in the author's [4] interpretation of
Explorer XVI data and predicted puncture rates for the Pegasus meteoroid meas-
urement satellites. The apparent discrepancy in the logarithmically linear
relations between cumulative flux and mass, as reported by Whipple [ 2] for
photographic meteor data and as reported by Beard [9, 10] for zodiacal light
and solar F-corona data, is shown to be accountable through Opik's (see Whipple
[11]) probability that a particular meteoroid will encounter the earth in one
revolution of the particle,

SECTION I, INTRODUCTION

A, JUSTIFICATION AND PURPOSE

The technology of meteoroids and of their interaction with fieids and
with natural and artificial bodies in space is of considerable scientific and engi-
neering interest. Each of the several sources of data continues to be of difficult
interpretation due to indirection, extrapolation, and bias in random samples



because the physical processes are selective, This report shows some new
results for photographic meteors, from 6pik's [1] physical theory for dustball
meteors and from Hawkins and Southworth's [ 7,8 ] random sample of 285 sporadic
meteors, which are in good agreement with Beard's [9,10] analysis of zodiacal
light and solar F-corona data and with Dalton's [4] interpretation of Explorer XVI
puncture data.

B. METHOD AND NOTATION

A multivariable statistical analysis is made with weighting functions
of meteor height, velocity, celestial latitude, zenith angle, and earth-encounter
probability. The sample is then equally divided with respect to an intermediate
mass value, and weighted cumulative distributions for several parameters are
plotted for the two gradations with respect to mass, jointly or separately. The
analysis is repeated without the weighting with respect to the earth-encounter
probability. All weighting factors are adjusted so that the sum for the sample is
equal to the sample size. All flux values are cumulative with respect to the in-
dicated parameter (e.g., mass, momentum, etc.) and are in numbers per second
per square meter of level surface, All logarithms are for base ten. Statistical
notation is according to Hoel [12].

C. SCOPE

The size of the data sample and the extent of analysis are not ex-~
haustive with respect to readily available data and techniques. Both could have
been extended, but not conveniently, except with a larger computer than the GE
225, which was used, Some known sources of bias remain uncorrected. No
weighting is used with respect to seasonably and diurnally varying sky brightness,
with respect to magnitude above plate limit, nor with respect to either celestial
longitude or longitude from the apex of the earth's way, except insofar as it is
related to the weighting with respect to zenith angle of radiant,

SECTION II. PRELIMINARY ESTIMATE OF LUMINOUS EFFICIENCY
FOR DUSTBALLS

A, VISUAL AND PHOTOGRAPHIC MAGNITUDE

Because of the nonlinear visual response to luminous intensity,sub-
jective comparison of the luminous intensities of meteors and stars is facilitated
by reckoning in magnitudes on a logarithmic scale such that an increment of five
visual magnitudes decreases luminous intensity two orders of magnitude. The

2




relation between visual magnitude and photographic magnitude is complicated by
the change in spectral sensitivity between cone vision and rod vision. Correspond-
ing values given by Hawkins and Upton [3], for the same (Harvard) photographic
meteor work from which the present data sample was taken, has been plotted in
Figure 1. When they are either very high or very low, the photographic and visual
magnitudes can differ only by constants which depend on the kind of photographic
emulsion which is used. Then, for the present data sample,

M
v

M _+1.90, M = -2.25
P P

0.725 M+ 131, -2.25 <M< 1.52 , (1)

M +0,95, M = 1,52
p p
where Mv is absolute visual magnitude and Mp is absolute photographic magnitude.
B. PHYSICAL THEORY OF METEORS

6pik [1] gave a meteor reduction formula which can be expressed
as

logm=kV +logL-logB-3logv-(2/5) MV . (2)
1

where kv is a constant, L is the visible length of the trajectory, and § is the

1
luminous efficiency, For dustballs, which he considered to constitute the major-
ity of "ordinary" meteors, he considered the time of visibility tv to be inversely

proportional to the 0,7 power of the velocii:y v independently of meteoroid mass
m; i,e,, in equation (2),

logL=10gvtv=kV2+0.3logv s (3)

where kVz is a constant. Also in equation (2) , the meteor total luminous effi-

ciency B for dustballs is the sum of the following two components:

R=R +R 4
[ r‘o lt ] ()

where BO is the efficiency of meteor "initial" and "impace radiation," and 8 ¢ is

the efficiency of "temperature radiaiion. " Opik [ 1] showed that for mast visual
meteors Bo is the only important component, Therefore, log m in equation ( 2)

can be approximated by

logm=logmo-log(1+[3t/ﬁo) , (5)
3



where
= K - - -
log m kvi log L - log Bo 3logv - (2/5) Mv . (6)
6pik's [1] formula for the luminous efficiency main component Bo is

By=(By+Bydy)/ (1+ 8 (7

B) ,
where B; is the "initial 8" and "impact B" efficiency for single meteor atoms
decelerating in air without encounters with other meteor atoms, f8; is the efficiency
for secondary collisions between meteor atoms, and 9, is the degree of dilution

B

of the meteor coma. (5pik [1] used one set of values of v in a table of values for
9 [/ m= 80/ m and a different set of values of v in a tabulation for g; and 8,. By

combining his tables by linear interpolation with respect to log v, the values
given in the upper haif of Table I are found.

Previously, Oplk [6] showed that meteor luminous efficiency 8 is inversely
proportional to the cube of the atmospheric pressure at the point of disappearance
of the meteor. Opik's [1] values relating to luminous efficency, and therefore
also all of the values in Table I, presuppose the Rocket Panel 1952 [ 13] model
atmosphere. Instead of adjusting the values relating to luminous efficiency, the
procedure which will be followed here is to increase the constant term in equation
(2) by 0.20, which is three times the logarithm of the ratio of the means of the
85-90 kilometer pressure from the U. S, Standard Atmosphere 1962 [ 5] and the
ARDC Model Atmosphere 1959 [14]. The necessary adjustment due to the ARDC
Model Atmosphere 1959 [ 14] is implicit in Whipple's [ 2] value for the meteoroid
mass for the zero magnitude meteor which will be used to evaluate the constant
term in equation (2).

The constant k in the equations (2) and (6) reduction formulas for visual

meteors presupposes scotoplc visual sens1t1v1ty and is therefore invariant only
for limited values of visual magnitude (as Op1k [1] cautioned). For photographic
meteors equations (2), (3), (5), and (6) can be replaced by equations (8) and
(9,

10gm0=kpi - (2/5)Mp—2.7 log v - log B_ (8)

1 = - '
ogm =logm_ log(1+[3t/ﬁo)"'kp2 , (9)
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where kp and kp~ are constants which can be found from Whipple's [2 ] estimate
1 2
that a {-gram meteoroid of velocity v = 30 corresponds to a meteor of zero

absnlute visual magnitude Mv’ With Mpo = -1.81 from equation (1), with the
values from the upper half of Table I at v = 30, and with equations (7) through (9)
one finds kp by tentatively disregarding the distinction between m and m; i.e.,

k_ =0.106. (10)
P1

The value of k  is found by restoring the distinction between mo and m; i.e.,
2
k =log (1+ @(M_, v)=(-1.81, 30). 11
0, 108 (L+B/B) @ (M, v)=( ) (11)

The numerical values in the upper part of Table I can be used to solve
equation (8) for m0 at the indicated values of v and Mp. For this purpose, pa-

rameters A _, B_, and C_ are introduced as follows:

BB B
Ag =By 8y/Bym (12)
BB = aﬁ/mo (13)
log Cy =k -~ (2/5) M_ - 2.71logv - log By . (14)

Then by equations (7) and (12) through (14), equation (8) can be solved explicitly
for m as follows:

=(-(1-B,C)+|(1-B.Cc )t +4Aa C [V/2V/24A 15
mo{‘ BB)[( N BB] /28 (19)
The logarithms of the values of m from equation ( 15) are compiled in the

lower part of Table I; and for each tabulated value, the logarithm of the corre-
sponding luminous efficiency BO, which by equations (7), (8), and (14) can be
expressed by

log ,80 = - log B4 + log m - log C (16)

B 9
is plotted in Figure 2 to see how meteor luminous efficiency [30 depends on velocity

v. The smooth curve which seems most appropriate to represent the discrete
points for -log ﬁo is empirically chosen as

. (17)

GO(V) = 3.244 + 0.23 sin 5(log v - 1,55)

The two points which fall somewhat below the given curve at the higher velocities
are for the brightest meteors.

6




The discrepancies between the discrete values of log Bo in equation ( 16)

and the corresponding functional representation in equation (17) can be incorpo-
rated into the term which involves 8 ¢ in equation (9) as follows:

GU(M_, v) =-log B -log(1+B/B) -G (V) . (18)

The discrete values for log (1 + 8 /BO) which are shown in the lower part of
Table I were computed from the other values in the same table by following
Opik's [1] theory for the luminous efficiency of meteor '"temperature radiation, "
The discrete values for the left side of equation (18) are shown in Figure 3 to be

represented resonably well by the following linear least squares approximation:
G(M ,v)=(1-0144M ) logv+ 0.25M - 1,534 , 19
LM, ) = ( o log o (19)

within a maximum discrepancy of about 0,22 from 6pik's [1] theory.

By equation (11) the value of kp from Table I would be 0,114, but with

2
the further discrepancy of 0.020 from the least squares fit in Figure 3 at (M _,Vv )
. p’a
= (-1.81, 30), one finds

k_ =0.134 (20)
P2

Therefore, by equations ( 8) thrqugh (10) and (17) through (20), one finds the
reduction formula for photographic meteor data for ordinary (dustball) meteors
based on the ARDC Model Atmosphere 1959 [14];

logm = 1,95 - 1.7 log v + 0.23 sin 5(log v - 1.55) - (0.15 + 0.14 log v) Mp. (21)
C. ADJUSTMENT DUE TO U, S, STANDARD ATMOSPHERE 1962

It was shown in Section II, B above that, by substituting the U. S,
Standard Atmosphere 1962 [ 5] for the ARDC Model Atmosphere 1959 [14], the
estimated mass of a meteoroid which produces a given meteor must be increased
by 0.20 order of magnitude. Therefore, equation (21) must be replaced by

logm = 2,15 - i.7 iog v + 0,23 sin 5{log v - 1.585) - (0.15 + 0.14 log v) Mp . (22)



D. VELOCITY AND LUMINOUS EFFICIENCY

The construction in Figure 2 gives G0 in equation (17) as an ap-
proximation to -log BO in equation (4). Also, by equations (4) and (18), the

constructions in Figure 3 give Gt in equation (19) as an approximation to -log

B -GO. Then, except for any constant component of log § which may have been

included in the constants kp and kpz in equations (8) through (11), and except
1
for the 0.20 constant decrement in log 8 due to a revision of the estimate of

atmospheric pressure at typical meteor altitude ( see Section II. B) , log B8 is ap-
proximated by - ( G0 + Gt) . Therefore, by equations (17) and (19), the partial

derivative of log B with respect to log v is

n dlog B/0 logv

= - 1.15 cos 5(log v - 1.55) - (1.00 - 0,14 M ) . (23)

Values from equation (23) are illustrated graphically in Figure 4. 6pik
[1] suggested further that the luminous efficiency of dustballs less than about
one gram is approximately inversely proportional to velocity. This approximation
would correspond to a unit negative value for n in equation (23). The results in
Figure 4 would seem to indicate that such a value for n would be rather typically
a weighted average value for the present data sample., However, that approxi-
mation is not used in the present analysis,

SECTION III. METEOROID MASS WITH KNOWN TRAIL LENGTH

The initial mass of a meteoroid, by equation (2), is proportional to the
detectable trail length L of the meteor which is produced in the atmosphere. The
detectable trail length L, by equation (3) is equal to the product of the velocity
v and the time of visibility tV and is proportional to the 0.3 power of the velocity v.

This result, which was used in the derivation of the equation (22) meteor reduction
formula, was based on the following relation which Opik [1] gave for statistical
use with dustball-type objects:

t, = 0.67(21/v) o7 (24)




But as a function of velocity v, zenith angle of meteor radiant Z, and the meteor
heights at appearance hB and disappearance he s tV is

tV=(hB-he)/Vcos Z, (25)

6pik [6] previously stated that formulas for the masses of naked-eye meteors
based on equation ( 25) are superior to those based on equation (24) except when
the length of path or duration are unknown. By equations (2) and (3) it follows
that equation (22) can be converted into the preferred meteor reduction formula
for dustballs by subtracting the logarithm of equation (24) from the logarithm of
equation (25) and adding the resulting null equation to equation ( 22), giving

logm = 1,40 + log(hB - he) - logcos Z - 2 log v + 0.23 sin 5(log v - 1.55)
- (0.15 + 0.14 log V) Mp . (26)

Values for log m by equation (26) are tabulated in the second column of Appendix
II.

SECTION IV. ANALYSIS OF SPORADIC METEOR DATA

A, DESCRIPTION OF THE DATA SAMPLE

In 1958 Hawkins and Southworth [7] published data on a random
sample of 360 of the meteors doubly photographed by the Baker Super-Schmidt
cameras to a limiting photographic magnitude of +4 from stations at Dona Ana
and Soledad, New Mexico, from February 1952 to July 1954, The sample was
compiled according to the principle of the classical decimation process ( selecting
every tenth detected meteor)., Of the 286 meteors which were judged to be
sporadic, 285 were repeated by Hawkins and Southworth [8] in 1961 with a com-
pilation of orbital elements and other data, These 285 meteors constitute the
present data sample, with some values from each of references 7 and 8, as
tabulated in Appendix I.

The two meteors of lowest velocity in Appendix I (lines 144 and 152)
did not have data in reference 8 for elongation A and Whipple's cosmic weight
fe. But for the other four meteors in Appendix I with velocity v = 11,9 (lines

5, 61, 87, and 127) the average ecluigation and cosmic weight are 97.8 and 0.87
respectively. These average values are assumed for lines 144 and 152, There
are seventeen meteors in Appendix I (lines 12,14,20,21,159,178,185,192,195,
197,205,206,209, 258, 280,282,and 284) which did not have data in reference 8 for
Whipple's cosmic weight fe; therefore, a unit value has been adopted in each case,
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B. WEIGHTING FUNCTIONS

Appendix I is thought to constitute a random sample of sporadic
meteor data, but is also thought to have several components of bias due to physical
selection effects, and therefore is not considered to represent a random sample
of meteoroids in space until special weighting is considered.

For data similar to the present sample, Whipple [ 11] used weighting
factors (''cosmic weight'") f proportional to Plv-?for velocity v > 19 or pro-
portional to 31 P~1 v=2 for v < 19, where P is Opik's [15] probability that a
meteoroid is a given orbit will encounter the earth in one revolution of the particle.
McCrosky and Posen [ 16 ] and Jacchia and Whipple [17] used Whipple's [11]
cosmic weight ~P-! v~2 for all meteors; and McCrosky and Posen [16] said :

"The uncertainty in the velocity mass law and in the number-luminosity law are
such that attempted corrections for these effects will probably be in error by at
least 1 in the velocity exponent, "

It seems appropriate to consider that, for the population of meteoroids
which encounter the earth, mass (m) may be statistically dependent on the
velocity (v), on the eccentricity (e) of the meteoroid heliocentric orbit, on the
elongation (A) of the true radiant from the apex of the earth's way, and on the
celestial latitude (8 ) of the corrected radiant. Also, the data is thought to be
biased with respect to all of those parameters. The weighting factors which
are developed in Sections IV, C through G below are thought. to constitute a mini-
mum necessary attention toward the reduction of bias for a significant statistical
analysis.,

C. WEIGHTING FACTOR FOR HEIGHT AND VELOCITY
Whipple's [11 ] cosmic weight has a factor v~% which contains the
factor v-1/2 , because the height was assumed to vary as v/4 and the effective
collecting area was assumed to vary as h%. Since both velocity v and height h
data are available, it is desirable to represent this weighting factor by

f ~h? V2 (27)
a

Values for this weighting factor, with sum equal to the sample size, are tabulated
in the fourth column of Appendix II,
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D. WEIGHTING FACTOR FOR EARTH-ENCOUNTER PROBABILITY

Whipple's [11 ] cosmic weight f , which was taken from reference
8 and tabulated in Appendix I, is proportional to v=2P-!, Then a weighting factor

fb inversely proportional to Op1k's [15] earth-encounter probability P is repre~

sented by

£~V (28)

Values for fb’ with sum equal to the sample size, are tabulated in the fifth column
of Appendix II

E. WEIGHTING FACTOR FOR CELESTIAL LATITUDE OF RADIANT

Celestial latitude ’Be is determined from the right ascension «
and the declination 6 (both tabulated in Appendix I) by the following formula
from reference 18:

B, = sin~! (0.91741 sin 6 - 0.39795 cos & sin @) . (29)

Values for Be by equation (29) are tabulated in the third column of Appendix II.
It seems appropriate that meteors which have radiants on circles of

celestial latitude with not more than 95 percent occlusion (by the horizon) should
be weighted by a factor fc in near inverse proportion to the apparent ( above the

horizon) fraction. The weighting factor for reducing bias with respect to the
celestial latitude of the radiant is therefore related to the difference 27\e between

the celestial logitudes of the horizon points on the circle of celestial latitude Be
through the meteor radiant.

The pole of the ecliptic, the zenith, and either one of the horizon points
on the circle of celestial latitude Be forms a spherical triangle such that the angle

at the pole of the eclipiic is 7 - A with opposite side 7 /2 and with adjacent sides
/2 - B and n/2 - BZ where Br i: the celestial latitude of the zenith. The solution
to the spherical iriangle gives
= > -
Ae 0 when Be /2 BZ 30,
cos }‘e = tan Be tan BZ when Be <n/2- BZ

i1



At the Dona Ana station tan BZ is always positive, 0 = Ae = 7w /2 when Be >0,
/2 = Ae = ¢ when Be < 0, and the circles of celestial latitude 'Be > /2 - Bz are

entirely above the horizon, Therefore,

fc=1r/(1r—7\e) when Be<7r/2-Bzand1r/(1r-)\e)520 st
=20 when 'Be <7r/2—[32and 1r/(1r—7\e)> 20

Kells, Kern, and Bland [19] state that the right ascension ozz of the

zenith of a place is the sidereal time at that place; and Russell, Dugan and

Stewart [20] state that sidereal time is usually correct within four or five minutes
when approximated from civil time by assuming that on September 22 the two
times agree and that sidereal time gains two hours each month and proportionally
each day and hour, Also, Hawkins and Southworth [ 7] state that to obtain the
time of appearance in local mean time at the Dona Ana station, 0.29667 must be
subtracted from the date given ( in Appendix I); and Hawkins [21] gave the
declination 6Z of the zenith of that station as

5, = sin~1 0.8433343 = cos~! 0.5373893 . (32)

With this information, together with equation ( 29), the celestial latitude ,BZ of
the zenith can be formulated. Local sidereal day t ds at the Dona Ana station is
approximated by

tds = tdu + (tmu -9) (2/24) + (tdu - 22)/ 365.26 - 0.29667 (366.26 / 365.26)(,33)

where tmu and t g 2re the numbers of the month and day universal time, respec-

d
tively (Appendix I). The right ascension az of the zenith is given in radians by

@ =2t (34)

where ts is the local sidereal time expressed as a decimal fraction of a day; i.e.,
tS is the decimal residue which is left after subtracting the next lower integral

value (positive, nil, or negative) from the local sidereal day t equation (33).

ds’
By equations (29), (32), and (34), the celestial latitude Bz of the zenith is re~

lated to the local sidereal time ts by
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sin 8 = 0.77368 - 0,21385 sin 27 ts
‘ ( 35)
34,0° = 3Z = 80,9°

Equations (33) through (35) support the solution of equations (30) and
(31) for the weighting factor fC with respect to meteor radiant celestial latitude.

The results, with values normalized so that their sum is equal to the sample
weight, are tabulated in the sixth column of Appendix II.

F. WEIGHTING FACTOR FOR ZENITH ANGLE OF RADIANT

It has not been established whether or not there may be some bias
directly for the zenith angle to the meteor radiant. Elford, Hawkins, and
Southworth's [22] analysis of radio meteors indicates that, after corrections
for antenna selectivity and velocity selection effects, radiants are markedly non-
uniformly distributed in elongation A from the apex of the earth's way. Indirectly,
this effect will bias the distribution of zenith angles Z.

Part of the bias in elongation A can be reduced by weighting with respect
to zenith angle Z, as follows:
k Z
Z
f a4 e s (36)

where kz is a constant to be determined from the distribution of meteor celestial

latit .
atitude Be

A first approximation to kz in equation (36) is made by noting that the

uniformly weighted sample mean zenith angle Z is 0.64 instead of the value /4
which would be expected from an isotropic distribution, Then,

/2 _kzz /2 —kzz
0.64= [T e Z sin 22dz/ [" e sin 2ZdZ
0 (8]
-kz /2 ( —kZ1r/2 )
= (1/2) e /\l+e +2kz/(k;+4) (37)

2.972 - 11.707 k  + 6.053 k; e

The solutions to the linear and quadratic truncations of the Maclaurin series in
equation (37) are 0.20 and 0.225, respectively. But when 0,225 is subsiiiuted
for kZ in equation ( 36) , and the weighting function f0 which is used in finding the

sample cumulative distribution of Be is
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f ~f £ £ f
o ‘a c

P (38)

b
the results illustrated in Figure 5 are found, Figure 6 shows that a more nearly
symmetric distribution of Be results for varishing kz. Also Figure 7 shows the

results for kZ = -0,18, which is the value which minimizes’ the sum of the squares
c‘)f the differences between the cumulative distributions for positive Be and negative
Be for -42° = Be =< 42°, The latter results seem more reasonable; and the value
kz = -0.18 is adopted for the rest of the analysis. The corresponding values of

f q and fo in equations ( 36) and (38), normalized so that their sum is equal to the

sample size, are tabulated in the seventh and eighth columns of Appendix H,
respectively,

G. WEIGHTING FACTOR FOR OBSCURED CELESTIAL LATITUDE

In the rest of this analysis, the celestial latitude of the meteor
radiant will be treated only arithmetically. Because the observations were made
in New Mexico, radiants with celestial latitudes between -42 and -90 degrees
were not subject to observation, By inspection of Figure 7, it seems reasonable
to minimize the bias in the cumulative distribution of |Be| by doubling the weight
for the meteors with celestial latitudes between 42 and 90 degrees. The purpose
is served with the following weighting factor:

f. =1 for B | = 42
f Iel . (39)

= 2 for Be > 42
H. WEIGHTED STATISTICAL ANALYSIS

The results of a multivariable statistical analysis, performed
three times with different weighting functions, are tabulated in Appendix III.
Each line in the tabulation is for a different statistical parameter, identified in
the first column, The results for uniform weighting are given in the second
column. The values obtained with weighting functions fs and ft are given in the

third and fourth columns, respectively, where

fs ~ fo ff

~f f
a

(40)
f £ f
C

b df
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and

f ~f /f
t s"'b (41)
~ f f
fa fc d f
The function f ¢ is for an observer with heliocentric orbital motion similar to
earth's, and therefore does not involve the meteoroid-earth encounter probability.
The function fs is for considerations of bodies in space, whether or not they may
en¢ounter the moving earth. The values of fs and ft in equations (40) and (41),
normalized so that their sum is equal to the sample size, are tabulated in the
ninth and tenth columns of Appendix II, respectively.

The indicated mass m for some of the meteors in Appendix II may be
somewhat in error because of the assumption that all of the meteors are due to
dustballs. Before proceeding with the statistical analysis, it is appropriate to

“estimate the relative number of meteors in the sample which may not be due to
dustballs,

5pik [1] gives the material density of meteoritic stone as 3.4 grams per
cubic centimeter, Whipple and Hawkins [ 23] found that photographic meteors
are produced by bodies with material density approximately 0.1 with a maximum
value of 0.3; and they concluded (1) that radio and visual meteors are almost
entirely of cometary or'igin; (2) that detonating bolides and meteorites are per-
haps entirely of asteroidal origin; (3) that ", .. if asteroidal meteors are in fact
present among the sample of photographic meteors, they number at most a very
few percent, probably fewer than 3 percent;" and (4) that the low value of mate-
rial density "...is not surprising in view of the fragile nature of meteoroids as
exhibited by the phenomenon of fragmentation,'" Later, in their analysis of pre-
cision orbits of photographic meteors, Jacchia and Whipple [ 17 ] stated: "The
writers are of the opinion that the asteroidal contribution to the photographic
meteors probably does not exceed 1 percent of the total and may well be less."
Later yet, Briggs [24] found that an average material density of pp of

pp 0.1 , (42)
(for logm = -7.28 i,e, for particles with radii not less than 50 microns), is con-
sistent with the interpretation of zodiacal-light observations and the theoretical
apparent brightness due to scattered sunlight from the steady-siaic system of
particles under Poynting-Robertson action. Therefore, with such a low average
density, it does not seem likely that a random sample of 285 sporadic meteors
would include many stones or irons, if any.
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Except for the use of weighting factors, the mathematical treatment in
this section, including terminology and symbols, is according to Hoel [12]. The
weighting function, unity, £ , or f , as the case may be, will be designated by

. . s t
f in the formulation below.

Let the 5 capital letters, Xy,...,X5 designate the variables for which a
statistical analysis is desired, as follows:

X{yss.,X5=logm, log Va’l’gel , €, and A, respectively, (43)

The sample weighted means Yi’ deviation X, from the sample weighted means,

and the sample weighted standard deviations s, for the variables Xi are given by

"}Ei =(1/285)2 X, (44)
x, =X -X , (45)
and
s, = [( 1/285) >:fx2:]1/2 (46)
i i ’

where i=1,...,5.

The sample weighted correlation coefficients r.. between the variables X, and
Xj are given by ) !

rij = rji = (1/285 Sisj) h> fxixj where i, j=1,...,5. (47)

The determinant R of the sample weighted correlation coefficients r_, is
i1+ « « Yyip

R=I L . (48)
T51+ o « Ts5

The equation of the least squares regression plane for the purpose of estimating
Xi is

Ryg (X4/81) + .. + Rys (X5/85) = 0, (49)
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where Rij is the cofactor of the element r,

i

minor of rij inR. The standard error of estimate Sy where X, is estimated

in R; i.e., Ry is (-1) *j {imes the

from the equation of the regression plane, and the multiple correlation coefficient
Ti.9345 are

s, =51 (R/Ryy) 1/2 (50)
and

1/
T'1. 2345 =E1 - (R/Ru)] 2o (51)

The partial correlation coefficient r.,

between X, and X, with X, , X., and
ij « klm i j
X held fixed is
m

k>

= - _1/2
T kim - iy (Rig By where i, j, k, I, m=1,...,5. (52
The results of this 5-variable statistical analysis are shown in Appendix

III, based on the weighting factors from Appendix II,

L SAMPLE PARTITION FOR TWO REGIMES OF MASS

The meteor for line No. 109 in Appendix II is found to have very
nearly the weighted median value of log m, All of the sample meteoroids which
do not have smaller mass are considered "large' and are given crossed data
points in Figures 10 through 21, The other meteoroids are said to be "small"
and are given square data points in Figures 10 through 21, In Figures 11 through
15, the weighted sample cumulative distributions of parameters are shown for
these two regimes of mass separately.

dJ. WEIGHTED SAMPLE CUMULATIVE DISTRIBUTIONS OF
PARAMETERS

Scatter diagrams, such as Figures 8 and 9, help to show how a
pair of parameters are related; e. g., Figure 8 shows to what extent faster
meteors tend to be brighter, and Figure 9 shows how the faster ones tend to have
radiants closer to the celestial equator., But the relations between three param-
eters, as in Figure 10, are more difficult to interpret visually, even with no
conslderation iv nonuniform weighting, The weighted relation between pairs of
parameters is shown more clearly, as in Figures 11 through 15, by the weighted
sample cumulative distributions for one parameter over separate regimes ( strata)

of the other parameter.
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Figure 11 shows the "high mass'" and ''low mass' separate cumulative
distributions of orbital eccentricity with ""spatial" weighting fs. The results apply

to meteoroids in interplanetary space, regardless of whether or not they may
encounter the earth. Figure 12 is similar to Figure 11 except that fs is replaced

by "terrestrial" weighting ft; but the results apply to those meteoroids which

actually encounter the earth, or encounter an observer in an orbit similar to the
earth's. Figures 13 and 14 show for the celestial latitude of the meteor radiant
what Figures 11 and 12, respectively, show for eccentricity. Figure 15 shows
for the air-entry velocity what Figures 12 and 14 showed for the eccentricity and
the celestial latitude of the radiant, respectively.

Weighted sample cumulative distributions for several parameters, indi-
vidually, are of considerable interest because, when the surveillance area and
duration are known for the data sample, they permit the determination of weighted
mean cumulative flux with respect to those parameters. When the weighted sample
cumulative distribution is plotted as a function of the parameter of interest, the
slope is the same as the slope of the weighted mean flux; and the slope of the
logarithm of the same cumulative distribution is the same as the slope of the
logarithm of the flux, Figures 16 through 21 show automatic plots of the logarithm
of the sample cumulative distribution of the two strata of the sample collectively,
with different weighting and for different observational or dynamic parameters,
or functions of parameters possibly of direct interest for models of particle con-
centration or of impact and puncture fluxes.

Because the sample size is 285 and is equal to the sample sum of the
values of the weighting function, the logarithm of the weighted cumulative distri-
bution is log (285/2) = 2,15 at the second quartile. For each case in Figures 16
through 21 the sample weighted cumulative distribution is seen to be approximately
logarithmically linear up to or somewhat beyond the second quartile. In choosing
a line of best fit, the upper half of the sample is ignored because the weighting
functions do not include any factor with respect to magnitude-above-plate limit,

K. PRE LIMINARY ESTIMATES FOR MEAN CUMULATIVE FLUX
OF SPORADIC METEORS

In 1957, with similar but somewhat smaller random sample of
sporadic meteors (247 instead of 285) , Hawkins and Upton [ 3, 25] found that
the logarithm of the weighted mean number of sporadic meteors per square kilo-
meter per hour with absolute photographic magnitude equal to or less than Mp

is equal to 0,537 Mp - 4,33. Figure 18 shows that a line with a 0,537 slope agrees
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well with the present results. Therefore, Hawkins and Upton's [ 3] results for
flux versus Mp are used to infer from the results in Figure 18 that the area-time

product for the present data sample is 101518 square meter seconds (i.e., 5980
square kilometers with plate-exposure intervals totaling 70.2 hours).

The logarithm of the sample cumulative distribution is approximated by
the logarithm of the population mean cumulative flux plus the logarithm of the
area-time exposure product. ' Therefore, the lines fitted in Figures 17 through
21 imply the following equations (53) through (57) respectively, for the mean
cumulative sporadic meteor flux per second onto one square meter of level sur-
face at the top of the atmosphere:

log F> - logF = -1,34 logm - 14,52 (53)
log FM - log F = 0,537 Mp - 13.89 (54)
P
log Fmv - log F =-1.09 log (mv) - 12,86 (55)
log F__»-log F =-0.92log (mv?) - 14.00 (56)
-log F = -log (mv¥/?) - 13.92 , (57)
log Fmv3/2

where F is the factor by which the mean cumulative flux of sporadic and stream
meteors exceeds the mean cumulative flux of sporadic meteors,

SECTION V. MEAN FLUX COMPONENT FOR STREAM METEORS

Hawkins and Southworth [7 ] published a random sample of 74 stream
meteors along with their random sample of 286 sporadic meters. In referring
to this work of Hawkins and Southworth [ 7], Whipple and Hawkins [ 23] indicated
that 83 percent of such meteors do not belong to major streams. Therefore, a
model for the mean total flux would seem to be obtained by increasing the mean
flux for sporadic meteors by 0.08 order of magnitude; i.e., in equations (53)
through (57),

log F = -log 0.83 =0.08 . (58)
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SECTION VI. REVISED ESTIMATE OF FLUX FROM EXPLORER XVI
PUNCTURE DATA

Dalton's [4] analysis of Explorer XVI puncture data indicated that the
flux of meteoroids with mass equal to or greater than m grams onto a randomly
oriented surface just above the atmosphere would be expy(-1.34 log m - 14.92).
This result involved a puncture flux enhancement factor, 4 = 10%60  But in a
more rigorous later derivation, Dalton [ 26] showed that the puncture flux en-
hancement factor is 5 = 10%7%; i, e, , the incident flux should have been estimated
0. 10 order of magnitude higher. Also, the mean value of log v with spatial
weighting fs which was available for those efforts is higher than the correspond-

ing value with terrestrial weighting f ; i.e., from Appendix III the two weighted

means of X; = logv are X, = log 26.7 and log 19.4, respectively. And, according
to the puncture flux model which was used for those efforts, mass sufficient to
puncture a given structure varies inversely with the 3/2 power of the closing
velocity, and incident flux varies inversely with the 1.34 power of the nominally’
sufficient mass, Therefore, the estimated nominally sufficient mass for punc-
turing the Explorer XVI transducers should be increased by 0,21 order of mag-
nitude, and the estimated incident flux should be increased by 0.28 order of mag-
nitudes due to the lower estimated velocities. Then, when the 0,10 and 0.28-
order-of-magnitudes adjustments are combined with the 0, 30-order-of-magnitude
increase in flux due to removing the earth shielding factor, the estimate for log
F>which is supported by the Explorer XVIresults becomes expyy (-1, 34logm -14, 24),

SECTION VII, REVISED ESTIMATES OF MASS AND FLUX FROM
PHOTOGRAPHIC METEOR DATA

The revised estimate (in Section VI above) for log F> based on Explorer

XVI puncture data is 0.20 order of magnitude higher than the result by adding
equations (53) and (58). These results can be brought into agreement by in-
creasing the estimated mass of the photographic meteors by 0.15 order of mag-
nitude. The mass of the meteoroid which produces a zero absolute visual mag-
nitude meteor by entering the air at 30 kilometers per second would therefore
be 2.24 = 10% % instead of 10%2% grams, Although this adjustment is well within
the uncertainty of the results, it is supported by the value 4.4 grams which
Hawkins [27] reported in 1964, By equations (53) and (55) through (57), the

order-of-magnitude increases in F>, Fmv’ Fmvz’ and Fmv3/2 , due to this 0.15-

order-of-magnitude increase in the estimate of meteoroid mass, are 0.15 times
1.34, 1,09, 0.92, and 1.00, respectively ; i.e., with equations (58),
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log F> =-1,34 logm - 14,24 1 0,60 (59)

log Fy, =0.537 M- 13.81 + 0,15 (60)
P
log Fmv =- 1,09 log (mv) - 12,62+0.60 (61)
log F__» == 0.92log (mv?) - 13.7810.60 (62)
= 3/ _
log Fmv3/2 log (mv®/¢) - 13.69+0.60 (63)

SECTION VIII, STATISTICAL SIGNIFICANCE
AND PHYSICAL IMPLICATIONS

The direct correlation between log m and log v, with terrestrial weighting
f,, is only 0.01, as tabulated in Appendix III. But the corresponding partial
correlation is 0.10. Although numerically small, this partial correlation is
quite significant in changing the slopes of the log cumulative distributions with
respect to mass, momentum, kinefic energy, or other functions of mass and
velocity, as shown in Figures 17, and 19 through 21,

The slopes of the log cumulative distributions with respect to momentum,
kinetic energy, etc., are established just as accurately in Figures 19 through 21
as is established in Figure 17 with respect to mass. Therefore, equations (59)
through (63), which are based on these results, establish more substantial models
for extrapolation than one would have by assuming that mass and velocity were
statistically independent.

Figure 17 establishes through equation (59) that the flux of meteoroids,
with mass not less than m, which encounter the earth, varies inversely with
the 1.34 power of m. But, by Figure 16, the corresponding concentration of
meteoroids in space, which may or may not encounter the earth, varies inversely
with the 1,00 power of m, This change in the mass exponent results by dividing
the terrestrial weighting function f ¢ by Opik's [15] earth-encounter probability P,

The mass exponent for the concentration of particles with mass equal to
or greater than m, times the radius exponent in the expression for mass, is
equal to -p + 1, where -p is the radius exponent for the concentration of particles
within a differential increment of radius. Briggs [24] indicates that particles in
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the 1 to 50 micron range play the dominant role in the zodiacal light; and Ehricke
[18] says that, according to Takakubo, the radius of the particles most effective
is about 20 microns. Also Briggs [24] finds that the material density of particles
with radii between 0.6 and 50 microns should be considered inversely proportional
to the 0.678 power of the radius; i.e. , mass varies with the 3 -0,678 = 2, 322
power of the radius. Therefore, the unit negative slope in Figure 16 corresponds
to

p=2332 . (64)

In 1958 Beard [ 9] reported: "The analysis of zodiacal light ... results inp > 3
... possibly 3.5 ... '"; and in 1963 Beard [ 10] indicated a preference for the
value p = 38.5. Actually, there is an uncertainty in the line of best fit in Figure 16
such that a line with -1,08 slope would seem to fit as well as the one which is
illustrated with slope -1,00, This would correspond to p = 3.5 if material density
varies, according to Briggs [24], inversely with the 0,678 power of the radius.
Also, the unit negative slope in Figure 16 and the value p = 3.5 could both be
correct if material density varies inversely with the 0,500 power of the radius,
Anyway, it is not necessary to assume that the mass dependence of particle con-
centration in interplanetary space is different for zodiacal-light particles and
photographic meteors with seven or eight orders of magnitude larger mass.

SECTION IX. REVISED PREDICTION OF PUNCTURE RATES
IN PEGASUS EXPERIMENTS

In January 1965 Dalton [ 4] published predicted puncture rates for the
1.5-mil aluminum 1100-H14 and the 8 and 16-mil aluminum 2024-T3 puncture
transducers on the Pagasus meteoroid measurement satellites, The effect of
the copper foil plate of the capacitor, thermal control coating, trilaminate of
mylar, and layers of adhesive were considered to increase the puncture resistance
equivalent to a 0.4-mil increase in the thickness of the aluminum foil or sheet.
Puncture fluxes for Pegasus transducers were scaled from the 44 punctures in
10790 square meter seconds (1431 square foot days), and 11 punctures in 108:738
square meter seconds (682 square foot days), for the Explorer XVI puncture
transducers of 1,15 and 2,15-mil beryllium copper, respectively, thought to be
equivalent to twice those thicknesses of aluminum 2024-T3. In that extrapolation,
it was erroneously anticipated that the slope illustrated in Figure 21 would be the
same as in Figure 17, Also, no consideration was given to the fact that the
Explorer XVI puncture transducers are thin targets, unlike the Pegasus trans-
ducers which are backed with a thick foam material and therefore may respond
more nearly like semi-infinite targets.
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According to the hypervelocity impact model which the author developed

-in reference 28, a back-supported sheet should have the same puncture resistance

as a sheet 59 percent thicker and of the same material without a back support;
and the cube of puncture depth should be proportional to mv®/2, Then, by equation
(63) , the ratio of puncture fluxes through sheets of different thicknesses of the
same material should be the cube of the reciproeal of the thickness ratio. Also,
by Reismann, Donahue, and Burkitt's [ 29] multivariable analysis of hypervelocity
impact data, a given sheet of aluminum 2024-T3 should have the same puncture
resistance as a 4.3 percent thicker sheet of aluminum 1100-H14, Therefore, the
puncture transducers on the Pegasus satellites are thought to have the same
puncture resistance as the following thicknesses of aluminum 2024-T3 sheets
without back-supporting: 2.9, 13.4 and 26.1 nrils.

If one assumes that the earth-shielding factor is approximately the same
for Explorer XVI and Pegasus orbits, then the puncture fluxes for the three
Pegasus sensors should be 10752 | 107"-"% ang 10785 per square meter per
second, based only on the 44 punctures in the thinnest material on Explorer XVI,
These fluxes should be 1075184 | 10~ 18 apd 1078-M per gsquare meter per
second, based only on the 11 punctures in the thicker material on Explorer XVI,
Although 44 punctures are somewhat more statistically significant than 11, the
predictions based on the 11 punctures involve less extrapolation for the two thicker
transducers on Pegasus. Therefore, the geometric means will be assumed as
107541 | 10-745 apd 107834 per quare meter per second, Because each panel
o6n Pegasus has an area of 0,516 square meters, the predicted number of punctures
per panel per day are 0.158, 0.00160, and 0.000216, Then, if all of the panels
would remain responsive fér one year, the punctures should be 920, 20, and 29
for the 1.5, 8, and 16-mil panels, respectively. Sufficient flight data have not
yet been evaluated (as of June 8, 1965) for checking the accuracy of this predic-
tion.

SECTION X, CONCLUSIONS

The most pertinent results are summarized in Figure 22. More detailed
results of the 5-variate statistical analysis, with the input data from Appendix I
and the weighting factors from Appendix II. are tabulated in Appendix II. In
addition to the cumulative distributions which are plotted in Figures 16 through 21,
supporting the flux formulas which are summarized in Figure 22, Figures 11
through 15 show how the cumulative distributions of parameters depend on the
stratification with respect to mass and on the inverse weighting with respect to
the earth-encounter probability.
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By discarding the earth-encounter probability ( substituting the terrestrial

weighting factor ft for the spatial weighting factor fS in Appendix II), mean log v

is decreased from log 26.7 to log 19.4, mean l'Bel is decreased from 28.9 to 25.9

degrees, mean eccentricity is decreased from 0,70 to 0.55, and the mass exponent
for the concentration or flux of particles of equal or greater mass is changed
from -1,00 to -1.34.

24




Mp, Meteor Absolute Photographic Magnitude
A

6

44

2 Mp = Mv = 0.95

Mp=1.38My - 18I

8 Y - v r
-4 -2 o) 2 4 6

My, Meteor Absolute Visual Magnitude

FIGURE 1. PHOTOGRAPHIC SENSITIVITY AND THE PHOTOPIC, PURKINJE, AND
SCOTOPIC VISUAL SENSITIVITIES FOR METEORS 25
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Weighfed Sample. Cumulative Distribution for
either Positive or Negative B¢ Separately
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Weighted Sample Cumulative Distribution for
either Positive or Negative Be Separately
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h, Height ot Maximum Brilliance
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Sample Cumulative Distribution Separately for 'High' and 'Low’
Mass Regimes with Spatial Weighting fg
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Sample Cumulative Distributions Separately for 'High' and 'Low'
Mass Regimes with Terrestrial Weighing f3
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Logarithm of Sample Cumulative Distribution
with Spatial Weighting fg
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Logarithm of Somple Cumulative Distribution
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Logarithm of Sample Cumulative Distribution
with Terrestrial Weighting f;
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Ldgorithm of Sample Cumulative Distribution
with Terrestrial Weighting fy
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Logarithm of Sample Cumulative Distribution
with Terrestrial Weighting f4
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Logarithm of Sample Cumulative Distribution
with Terrestrial Weighting f4
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2.24 grams

mass for zero absolute visual magnitude meteor
at 30 kilometers per second

FMp = 0.537 Mp -13.8120.15

F, = -1.34 log m -14.24 £ 0.60
Fmv = —I.Og |Og (mV) -|2.62 b < 0.60
Fmve = —0.92 log (mv?) -13.78 £ 0.60

Frmy3re = -log (mv?®'2) - 13.69 £ 0.60

PARTIAL CORRELATIONS

Terrestrial Weighting f4 Statial Weighting fg
0.097 for log m vs. log v 0.107 for log m vs. |Be|
0.103 for log m vs. |Be| -0.200 for log m vs. e
-0.403 for log v vs. |Be| 0.516 for |Be| vs. e
0.882 for log v vs. A ~0.799 for A\ vs. e
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APPENDIX I. GIVEN VALUES IN THE DATA SAMPLE
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36 36 224 9 20.29047 52 R9.4 A7.7 84,7 14 1 <18 50 §.838 22.% 2.3 0.592 83.6 12.40
37 37 225 9 20,37433 52 110.5 105.6 103.9 71 44 23 41 0.755  70.1 1.0 0.927 15,0 0.07
TT38 TN 2286 9 75.17361 52 T T@8.2 T R5.7 T TBZ,a T R2ETEU 41733 0.983 137« 1.4 0.510 J8.3 {3098
39 39 227 9 25.17571 52 108.4 104.0 99,9 39 7 67 %4 0,568 51,7 . 0.8 0.947 55.2 - 3.82
40 40 228 9 25.36001% 52 96.5 R9,9 Be&.,m  x¥5 15 5 28 0,798 23.a 2.5 0.775 95.3 3.9¢
S 41 41 30 TTTYEIIEALY T52 T 109 17 103 B TH03,4 T 7277 AT T 0,669 T 65, Y 1.1 70,8817 28,87 7 1,38
42 42 231 9 25,47579 52 110.6 107.4 104,4 115 10 =1 40 0,569 61.% 1.7 0.817 32.7 2,49
43 43 232 T 9 °6,33935 52 108.3 1n4,3 101.s 61 4 2310 0,799 65,4 1.8  0.981 30.6 0.38
44 44 233 9 76,43333 52 10446 5.9 96,0 313 36 32 0,762 I7.x 1.7 0.965 77.4 12,30
45 45 234 9 .7,30972 52 94,6 02,0 BA,» 145 47 18 29 0,936 20.,n 2.7 0.599 96.3 10,70
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46 46
47 a7
48 48
49 49
‘50 S0
54 51
82 52
53 53
54 %4
%5 55
56 %
$7 87
58 %8
59 89
60 A0
61 61
62 62
63 63
64 84
‘8% A5
66 K6
67 &7
88 4B
69 49
70 70
TN
72 72
73 73
74 74
7% 75
76 76
77 77
78 78
79 79
88 Al
Bl A1
82 82
83 A3
84 R4
as A5
B8 A6
87 Rr7
88 RY
89 R9
90 QU
91 91
92 92
93 93
94 94
9% 95
96 96
97 o7
98 o8
99 9ov
100 1au
108 101
102 102
103 103
ing 104
105 105
48

235
236
237
238
247

248
254
256
258
259

261
262
263
266
268

271
272
273
274
?75

277
2810
281
289
290

593
294
295
299
300

310
311
313
318
320

321
322
326
327
329

231
345
391
x52
356

157

12
13
15

i6
17
18
19
20

?21
22
23
24
25

=3 -l ]

10
10
10
10
10

10
10
10
10
10

10
0
10
10

10

10
10
10
10
10

10
10
10
10
10

11
11
11
11

11

12
12
12
12
12

o e T )

- b e

27.43247 52
48,31541 52
28,33834 52
28,48414 52
9.15742 " 52
9.19792 52
12,33141 52
13.27778 52
14,26667 52
14,34938 52
14,3%291 %52
16.21458 52
16,338R0 52
17,40034 52
19,38957 82
19,44228 52
19,44444 52
19.44602 52
71.27695 52
T 21.32905 B2
#1,32940 52
42.26372 2
22,33227 52
23,49206 52
23.49348 52
74,27733 52
~4,35000 52
24,42292 s2
»7.36228 52
#7.492286 52
12,19033 %2
12,19349 52
12,26391 52
15,41654 52
18,51424 52
20,33769 %2
21,37387 52
9.24560 S2
9.26872 52
10,22380 52
11,18502 52
14,25628 52
14,51304 52
14,51%538 52
16,90693 52
20,44578 2
13,29493 53
13,45089 53
13.45411 53
14,22500 53
14,34632 53
1%5,21244 53
15,40959 53
16,40208 53
16,60235 53
17,29082 53
19.19278 53
19.42290 53
19,42292 53
21,37852 83

My
11%5.%
94,1
9R.3
94646
79.3

99.0
9%.5
104.5
LLER
9n.3

96.9
92.9
11%.4
113,5
107.0

76,3
98.0
9449

117.7

95.3

87.7
114R.9
1111
1n9.6
111.8

114.7
Aa.3
89.5

102.9

108,93

9144
R9.H
9.6
102
97.5

9646
10945
9n.0
An.4
89.7

99.7
7R.B
117.3
10%8.7
104,39

RY.3
9R, 2
Sa.6
910
8%, 4

10A.4
92.8
98,4
110,93
10%.2

Aa,.1
97.2
111.7
1040
941

h he Q
110.5 106,p 96 13
91.9 87,e 24 32
96.4 95.n g2 3
94 .1 88,3 24 32
78,8 " 76,0 378736
@3,.1 91,3 13 17
93.4 91.n 481 53
04 .4 87.4 ‘1832
5,0 82.8 38 7
P4 2 81,4 37 21
92.5 89,4 £ 8
fq. .4 82,8 9 29
1n8,.4 100,46 103 56
1r9.6 10%,% 102 24
103.4 102,a 228 22
73.1 69,8 50 11
93.3 90,0 59 35
91.8 86,8 167 16
103.3 101,= 95 22
93.3 89,& 52 43
Ap,0 84,7 22.37
1"9.8 107,1 104 15
1n4.8 103.0 ib4 49
162.9 94,% i4p 45
93.4 87.8 110 59
1n2.8 99,4 99 29
2.6 81,n 21 23
AX,9 81,4 61 3
64,2 90,% 102 32
103, 4 97.R 150 46
Ry .8 78,48 w42 10
R% R 83, x39 %1
R7.5 84,2 42 886
an.t B7.n 63 14
94,6 89,0 185 43
%2.0 87,2 102 43
1n8.8 105.7 142 89
6.2 82,0 52 1
75.7 74,9 44 51
LTI 80,7 52 4%
°3.4 92,.x 103 18
78,8 77.7 o3 83
100,6 95,4 169 24
99,6 97.14 148 27
119,11 97.4 199 33
A9 .1 83,x 100 0
96.6 94,0 918 23
£2.9 79,4 122 87
RE .8 79,2 4122 22
r2.% 77.7 «e¢5 29
9k, 3 94,9 140 44
AY.4 76,2 65 17
97.2 94,4 111 36
106.8 105,41 154 88
R .5 91,8 152 40
Ré, & 83,4 i1 26
05,8 v1,.% 105 32
106,8 102,n 189 &
93,0 88,0 156 U
91.4 89,4 165 55
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-2
-3
38

R.1

81
"18

-14

45
-7
18
26
71

-7

76

- <9

~10
36

49

33

34
74
60

22

21
-4
45

34
24

24

27
22
41
33
38

19
34
26
33

83
31
17
4n
24

9

11
33
10

40
25

36
51

47
40
39
20
56

24
4“4

34

27
32

21
46

49
34
LT}

52
58
15

17
20

22

36
53

10

48
11
%8

34
18
37

25

44
53
12
44
52

Cos Z

0,616
0.819
0,665
0,741

T UL.782

0,807
0,422

T,069

0.845
0.694

0,865
0,811
0,825
0,823
0.283

0,865
0,833
0,550
0.311
0.736

0,753
0,306
0.645
0,700
0,949

0.498
0.778
0.973
0,689
0,A38

0,903
0.908
0,744
0.673
0,737

0.943
0,827
0,975
6,876
0,092

0,645
0,750
0,937
0.9A82
0,740

0,819
0,979
0,825
0.,R01
0,868

0,882
6,955
0,840
0,530
1.000

0,533
0,939
0,887
0,986
0,R22

(Cont'd)

68,7
30,2
6740
45,4
12.7

25.2
43,5

26,477

15.¢
33.3

24,2

17.5
72.0
70,4
39.0

11,4
32.r
45.0
67.n

38,9

18,1
70,4
68,4
60,6
64,4

67.4
20.7
36,2
50.3
58,4

15,8
14,4
15.%
32.5
56,4

53,2
70,8
18,3
16.5%
16,0

34,2
11.4
71.3
62,5
58.9

29.%
25.6
27.n
27 .4
21.4

47,8
16.n
22,2
5744
42,4

21,R
20.1
65, R
34,4
20.n0

1.057
6.804
n.764
0.993
0.314

6.773
0.818

0.787

0.373
0.92¢

0.625%
0.670
0.981
0.919
0.971

0.120
0.8490
0.683
0.988
0.942

0.874

0.973
0.707
0.901
0.918
0.799

0.717
0.609
0.719
0.927
0.814

0.981
06.831
0.682
0.666
0.528

0.813
0.252
0.888
0.973
0.833

0.843
0.739
0.779
0.798
0.55%

0.998
0.763
0.716
1.014
0.934

0,655
0.694
1.016
0.789
0.723

25.5
75.2
19.4
64,4

126.6°

91.1
65.4

86,8

74,7
83.2

73,1
60.1
6Q.4
28.6
73.4

101.3
17.3
21.8
23.2
31.3

25.8
101.7
57.1
57.0
41.0

138.6
139.3
138.5

84.2

45,17

48,9
1L.3
111.7
122.7
112.0

71.9
156.6
11.4
37.3
37.0

79.8
86.5
87,2
85.5
85.3

62.7
137.7
96.5
48.9
65,1

100.9
105.0
33.2
6%.8
106.3

feo
0,09
8,39
0.67
10,40
1,24

1.53
0,68

"5.,48 "

4,45
11.90

15,90

2,72
0.34
0.16
2.16

0.93
12,20
0.84
1,52
11.89

8,83
0,22
0,84
1,26
1.43

1,02
4,15
11.50
3.93
1,19

5.69
5.07
5.84
11.60
2.09

7.48
0.21
2,28
3.80
1.88

12,30
0,74
0.24
3.07
3.49

2,53
0.69
10.70
7.10
9.78

7.64
0.60
6,54
4.96
10.70

8,14
4,18
2,20
12,90
1.09




106
197
ina
109
110

111
112
113
114
115

116
117
118
119
129

121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
149

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155

156
157
128
159
140

18y
ir2
143
164

1A5

iné
in7/
ing
in9
110

111
112
113
114
145

116
117
118
119
124

121
12¢
123
124
125

126
127
178
129
i3y

131
132
138
134
135

136
137
1138
13y
14y

141
142
143
i4a4
145

146
14/
148
149
15

is1
152
i5¢
154
185

156
1s7/
L350
159
144

1s1
142
188
1A4
16>

26
27
8
29
34

38
41
42
43
44

45
46
47
48
54

55
56
57

59

60
61
62
63
64

45
66
67
68
69

71

76
77
78

79
80
K1
82
a3

fa
s
né
w7
“8

HY
90
Y1
92
93

Y4
5
36
97
98

°9
165
166
107
1118

N Ea

[SESEVRSE N

P NSV NN F O Y anpsnsn AnbaD BEBGG [ RN VEA A [FEAR YA [FEARF AR

(S ISRV I IV

#1.,47209
©1,47354
#3.34956
£4,84375

5.14883

10,27808
12,34367
12.50846
17.20441
17.20626

18,35000
22.37820
“0.41300
“1.46448
12,17613

12.27841
13.29792
13.29824
*3,37773
14.142n4

14,34103
14,44147
14,44426
14,44737
18,33889

18,33892
18.44619
19,31853
19,99518
<0,42303

21.40029
©1,40331
4,17230
7.28372
7.35030

9.2%081
9.35927
10,24583
11,14238
11.22535

11,34984
13.25625
13,25916
©3.44416
14.2R612

“5,24583
15,24742
*5.35235
15,45282

" 5.45366

15,45669
'6,2R8R1
ch 4083
c1.86042
S1,36280

“1,84645
5.2~417
6.27495
7.22324
7.336%9

53
53
53
53
53

53
53
53

53

53

53
53
53

53

53
53
53

53
53
53
53
53

R2.0
93.5
9548
R7.A
1092

1N4.9
91.6
10946
98,0
89,5

Rx,.4
77.7
106.5
109.2
Ax.H

k% .4
109,6
Bh.6
98,8
R7.9

94.5
AR, 4
Ak, 4
303.9
EARL)

89,8
9%.8
836
7h0
9%.7

86,6
k.2
991
100.9
84.9

R&.5
7RO
87.5

n4.3
&1

s

P

108.5
9648
R7.%

101.9
88,7

100,65
104.5
9n.2
93.1
AR,9

h he a 8 Cos Z v
1,3 79,7 121 38 85 42 0,732 13.4
91,1 8R,n 148 35 6 34 0,756 41,4
re.3 84,4 117 52 14 0 0.810 22.7
k6,4  B4,a 421 6 =20 11 0,432 16,9
Q3.4 88,6 147 15 12 27 0,486 31,7
74.4 6R,A 142 14 38 51 0.985 27,4
A7.5 84,7 167 34 24 44 0.989 29.R
a7.7 BS5,7 21922 16 49 0,976  61.n
2.0 89,8 1497 S 42 0,799 25,0
k9,2 B2,0 462 %4 26 12 0,786 26,4
“Ré&L6 84,7 154 18 17 43 0,956 24.1
R1.7 BN,s 156 37 1 7 0,855 14,2
93,3 S0.m 65 3 3 59 0,880 34,9
94,5 90.a 254 53 R 53 0,690 64,4
%2.0 90.3 i50 27 =15 9 0,685 1714
£9,0 85,4 453 12 12 14 0.942 18.7
r3.5 82,4 943 0 -6 34 0,748 14,4
P2.,7 ° 80,2 190 20° 47 37 0.883 15,4
°n,6 84,4 218 16 24 19 0,950 41,n
72.0 70.% By 37 8 15 0,791 12,9
1,7 78,0 467 39 =3 6 0,802 20,54
77.3 74.% 204 30 14 26 0.961 11.9

100.7 96,0 274 37 3Ji 56 0,783 45,8
105.2 101,.4 P35 52 ~10 41 0,720 64,7
r1.8  78,x 161 50 31 47 0,943 15.4
F5.4 83,.¢ 174 44 =2 48 06,028 18,6
107.1 105,2 267 52 n 52 0,446 65,8
%1.0 78,4 174 46 26 20 0,988 21.64
R7.4 82,7 172 12 20 1 0,821 24.7
7.8 86,1 159 17 =0 1 0,412 19.9
@9,1 84,.n 153 43 13 0 0.839 26.n
R2.4 78,2 469 5 14 13 0,739 20,2
HQ LB 76,0 i75 48 57 23 0,878 18,0
°3.7 86,7 218 22 7 54 0.819 37.7
91.1 89,4 203 28 ~10 52 0.732 30,2
R7.2 Be,4 164 45 20 S5 0.976 19.n
RB .5 84,8 ' 209 51 27 38 0,989 272.4
2,3 79,% 385 24 5% 42 0,951 14,4
75.5 73.4 w8 1 15 34 0,932 in,.4
f5,7 79.9 186 20 8 87 0.909 19,4
RI.B 79.2 i94 52 1 24 0,819 21.9
1.9  B87.4 212 58 33 27 0.928 25,9
96,3 94,0 524 22 ~15 34 0.52% 37.0
1re,.2 9R,2 282 5 -7 8 0,720 66.7
r3.8 82,5 190 %7 1 23 0,A78 18,8
r4,2 81,8 178 55 =5 41 0,822 18,8
77.2 74,4 137 48 14 1 G, ARG 11.0
7.1 85,3 ¥2 51 81 4 0,557 18.n
99,2  9%,1 o%4 59 3R 4 0,878  39.3
1n4 ¢ 95.8 314 B 80 25 0,492 67.3
1n2.0 9AR.p 577 49 R 29 0.877  61.F
£9,9 84, 210 27 14 48 0.946 23.4
F5.7 83,7 296 35 50 a8 0.894 29.%
V7.7 5,0 nAR 21 61 3 0,827 32,4
78,6 7%5,x  9z2 32 42 40 0,97y 24,3
04,6 8A8,4 47 23 25 20 0,323 47.2
06,1 91,4 239 7 22 13 0,546  3I6,R
r5.1 81,1 214 42 =14 51 0,720 21,4
AR, 6 85,0 211 2 =1n 35 0,751 20,4
KR.,9 86,4 ~49 42 32 30 0,987 24,1
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Mp e 1N fe
2.5 0,203 101.5 6.00
0.8 0.96% 62,5 5.17
1.7  0.72% 95.5 3.70
2.1 0.338 86.0 14,79
~0.1 0.858 -80.2 0.39
=2.9 0.959 97.9 9.29
1.3 0.760 74.8 10.20
~0.3 0.943 39.8 © 2,66
1.2 0.758 91.6 1.78
0. 0.729 83.8 8.92
1.8 0.701 88.% 3.78
2.0 0.280 82.8 2,72
1.4 0.903 57.9 5.09
~0.6 0.916 33.0 1.06
1.8 0.456 100.8 9.17
2.5 0.671 109.7 0.49
1.6 D.414 112,3 5.61
0.6 0.657 133.8 5,23
1.6 0.793 62.9 10.640
2.6 0.488 157.0 1.48
3.1 0.596 92.6 4,17
1.9 0.142 67.6 1.42
0.9 0.687 54,8 1.33
1.3 0.880 27.9 1.26
0.1 0.497 113.7 6,83
1.2 0,492 90,2 T "2.48
i.r 0.980 31.3 1.81
1.% 0.731 102.2 9.40
2.1 0.913 102.3 6,90
2.2 6.625 103.6 7.63
2.1 0.802 91.4 6.92
2.5 0.730 105,10 4.17
1.8 0,690 118,9 6.90
0. 0,609 74,1 11.10
2.1 0.832 B80.5 " 0.59
2.4 0.688 110.9 7.88%
3.0 0.599 91.8 14.00
3.1 0.389 116,6 5.34
2.8 0.017 97.8 0,87
2.0 0.682 107.5 4,50
=-0.6 0.694 97.0 3.70
1.8  0.786 94.6 12.60
1.8 0.914 .65.6 0.96
0.7 0.722 18.5 0.60
2.2 0.605 103.5 2.58
2.1 0.708 112.6 2.28
3.4 0.017 97.8 0.87
2.2  0.700 119.5 4.21
1.5 0.340 59,4 2.55
~1.8 0.994 27.3 1.3%
0,9 0.844 34.8 1.61
2.9 0.674 92.1 11.40
1.% 6.770 87.4 2.39
1.8 0.936 87.0 1,00
1.4 n 733 96.3 11.50
0.1 0.989 63.1 9.90
0.8 0.925 72.0 1,20
1.4 0.67%1 97.2 0.50
2.6 0.674 102.9 0.89
2.1 D.444 81.4 13.50
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166
147
148
169
170

174
172
173
174
175

176
177
178
179
1490

184
182
1R3
184
1R5

1R6
147
1A8
189
190

194
192
193
194
198

196
197
198
199
200

204
¢n2
203
€04
Zns

ané
eny
2ns
<ng
210

é11
212
213
214
2158

216
217
218
219
220

221
222
223
224
2?25

50

146
147
148
149
170

171
172
173
174
175

17»
177
178
179
1au

183
18z
188
ing
1r%

186
197
1A8
1Ry
194

191
192
193
104
105

196
169/
108
199
200

2n1
eny
2n3
2n4
205

2n6
2ny;
218
2any
21

211
217
213
214
215

210
21/
218
21y

“2%u

221
22z
223
224
225

109
110
111
112
113

114
115
116
117
118

124
126
179
191
192

133
134
136
137
138

141
142
143
144
146

147
157
158
159
160

141
162
165
172
175

176
177
178
179
110

176
187
191
192
L]

195
196
197
199
2600

202
210
236
o240
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242
243
244
245
P49
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7.33958
7.34977
8.246N05
8,3%998
9.358n8

9.42072

“2,26313

©2.26667
13,14348
“8,41332

2.27566
4,2u432
5,17987
6,19792
8,28370

8.23750
8.29039
8,357832
9.383150
9.33275

1 3.2A8BUS
13.86281
16,30529
16,31096
23,3800

'0.43325
10.$1681
14,4003
“5,23777
15,21729

15,42229
16,411248
44,43319
4,2?2721
5.35035

5.43212
6.15985
6,17192
6.51833
7.39845

9.23258
14,22697
13.35836
13,34031
13.47525

13.45457
$3.45561
1 3.45675
14,44728
14,45417

15,42275
©2,.%41119
2.21670
2.31090
3.25367

3,293R3
J3.44375
6.24447
7.39307
9.24410

53

53
53
53

53

53
53
53

53
53
53
53
53

53
53
53
53
53

53
53

53
53

53
53
53
53
53

hy
A%, 1
95.2
A7 .0
AT.3
99.1

A1.5
91.4
Ghe S
143
83,7

R. 1
9449
9.3
91.3
91,7

9Xe 9
9645
92.6
102.4
79.9

Q92,4
111.1
98.5
R9.7
87.0

AR,7
95.4
109,11
Ra,2
A%,.7

95,1
105.8
11n.1
111.6

9n.6

1008
8%.0
94,8
93,4
R1,4

9t
An,7
a2,5
108.7
R4.2

1n0.7
97.%
CLI
10R.0
119.2

AR, D
inn.?
9%.3
99.0
BT.7

93,0
11441
911
a7,5
H7.7

h he a
H2,.5 7e,8 ~31 38
°d 1 8a,y 2%y 4
F1.3 b,y ved 5
2.8 80,4 ns1 47
34,9 9i.n 522 40
£1.0 78.e 141 45
9.2 85,9 46 40
#9.1 LYY ek 10
A1 79.x 178 2
My, 9 77.n ~58 59
1.9 84,0 abs 41
02.1 89,4 2tz 22
F7.8 85 ,n 61 1
A5,8 87 n 143 30U
°1,5 87,4 ~93 45
»9,8 87,n 255 30
24,6 91,0 540 16
an,1 86,7 266 16
99.3 96,n 260 24
79.3 7R, % 96 43
LY 79.7 253 4
5,8 9n,o xe2 ¥
97.8 90,0 nb4 %9
PR,0 86,0 209 44
RA. 8 BA.n  9b9R X5
KR, 88,4 264 41U
2,6 9.7 287 45

1n6,4 104,90 23 8
PR,2 Bh, v 5 56
1,7 79,4 263 20
an, 2 88,8 «37 52

1r3.0 100.8 11 44

1n7.3 103,14 w2 37

07,2 102.7 5 43
RG.1 83 ,.x w43 40
°3.8 85.0 59 33
£2.4d 79.% 272 19
4.0 91,4 134 85
“1.2 86,0 41 4
P2.9 LI 223 58
"e,3 88,n 257 5
1.6 69, 206 82
f2.2 81,2 e 27

105.9 104,79 40 o
BN, 2 77.4 Anp 8

ir4,s 103.n 4% v
°n.5 84, ve] 16
a1.7 89 .4 3 B8

1r1.6 97.0 3?7 7
Q2.0 87.4 2 56
B7.3 L] ~70 12
L. LI w3y 7
c?.8 84,4 2n 21
ARG, A 83 ,= 5 21
1,4 79,7 ves 1
w2.8 an,n w3y 7

1008 95.% 79 21
on,?2 ‘B4, % 16 B4
TN, 9 76,4 9 18
he.2 81,# 24 &2
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63
~5
2an
15
28

37
-9
=25
=22

46
10
2R
28
50

-47
6n
27
62
50

18
22
42
34

-14

83
-27
~13

45

11

3R
-k
-23

24

12
3n
65

43

JA
1n
~15

2R

11
36

15

3

25
39
15
28

14
53

53

53
27
51
20
17

50
56
36
24
23

b S
52

36
47

17
12

28

10
21

42
14

46
35
4
a1
33

49
17
58
20
18

51
ay
59

31

Cos Z

0,988
0.x30
0.918
0.946
0,806

0.726
0.712
e.972
0,971
0,972

0,865
0.360
0,842
0,669
0,784

0.995
0,763
0,513
0,580
0,564

0,972
0,764
0,526
0,524
6,906

0,166
0,888
0,486
0,453
0.927

0,969
0,805
0.9R4
0,454
0.675

0.601
0,637

0,304

0,929
0,330

U.R98
0.794
6,600
0,701
0,421

0,854
0,887
0,758
0,A38
0,959

0.410
0,846
0,541
0,%07
0,991

0,886
0.972
0,870
0.699
U.R78

(Cont'd)

17.4
46,2
15.¢
14,2
23.7

14,7
25,2
21.%
13.4
18,1

23.9
RN
14,»
17.2
47,7

25.n
20,8
32.4
38,4
12.R

24,1
64,n
27.4
29.n
21,7

14.%
26.%
67,4
17.#
16.0

54,8
67,1
57.%
63.%
25.%

CREY
15,.&
30,9
47,1
13.7

17.4
14,5
13,4
68,4
17.7

72.1
47,8
S54.4
64,7
56.P

16.9
29,4
2R.%
24.R
16,5

15.7
68.1
24.1
20,k
28,8

0,379
0.933
0.371
0,321
0.782

6.157
0:651
0.669
0.512
0.273

0.606
0.838
0.596
0.725
0.891

6.720
0.751
0.693
0.942
n.455

6.736
0.925
n.827
0.837
0.521

0.406
0.457
0,899
0.386
0.286

0.864
0.724
0,913
1.009
0.723

0.954
0.624
0.827
0.843
0.515

0.611
0.587
0.348
0.929
0.617

1.u15
0.997
0.888
0.910
0.976

0.518
0.777
0.824
0.773
0.432

0,501
0.9990
0.703
0.649
0.791

97.8
68,7
96.6
98.5
97.7

81.2
75.3
101.1
146.8
79.1

89,2
79.6
137.2
125,3
59.5

95.0
106.3
80,2
68.1
151.8

98.7
33.2
88.9
84,8
96,8

94,3
83,2
21.1
53.9
99.8

42.9
16.3
44,2
36.0
64,7

67.8

138.3

116.5
136,1
111.3

20.1
112.9

6.2
61.8
48.5
17.7
46.5

114.7
71.7
87.5%
91.7

100.1

111.2
24.6
87.3
96.0
78.1

* te

10.80
10.80
8.23
9.7¢
8.41

8.99
9.77
12.2¢0
0,63
14,40

14,290
1.60
1.00
6.47
7.18

10.10
4,97
1.50
0,60
1.00

6.10
2.20
2.92
2.88
4.42

10.60
1.0¢
0.78

11.00
1.00

5.22
1.00
2.00
2.07
6,70

4.60
0.9%
0.%7
5.61
1.0¢

1.00
2.70
0.96
1.00
10.00

0.03
9.14
2.78
0.49
3.6

4.15
©11.190
10.80
2.86
11.90

6,24
i1.08
2.91
2.00
3.19




230

231
.232
233
234
235

236
237
238
239
2490

241
€92
€43
244
245

46
247
248
249
250

251
252
253
254
255

256
257
¢58
29
260

2hAY
202
263
2nd
2A5

ehb
267
2n8
269
270

271
272
273
274
27

276
277
278
279
240

2734
242
243
274
2x5

226
227
208
279
23y

21
2x2
2%3
2%4
235

2%
2%/
238
2%y
240

241
24z
243
244
245

246
247
248
249
2%,

251
252
259
2% 4
255

256
257
258
25y
2MU

2A1
242
263
244
265

2a0
247
248
269
27y

271
27¢
273
275
27k

277
274
27y
2R
291

24
283
204
2a

246

251
252
253
258
265

361
302
303
395
308

309
316
317
319
323

3v4
325
x28
130
X33

234
a3é
42
z95
8

59
any

10
14
30
31

82
23
35
36

39
an
49
51
52

53
1n2
104
175
27

1¢8
190
435
199
140

149
151
153
S154
158

n
o
1in
10
te

19
1
11
11
11

11
11
11

12

12
12
12
12
12

12
12
12

12

12
12

b K- SN S AR NEURY) LV VISR N A b s e

rro o>

9.51647
1n,21343
19,3121%5
12.33162
16,4579

11.24399
2.35675
2.36024
6.33041
9.27916

11.44044
18,¢4583
13.41988
16,41339

4,35998

4,43333
8.81714
9.432208
10.51604
11.32176

12.29396
12.47883
13.51766
15,49848
27.20060

I0.36336
»1,83958
1.44056
3.44375
4.49735

5.39088
6,26510
13,51791
/8,17159
2,4R425

3.35977
4.51289
6.354914
6.4/,292
8.472292

19,4343
©1,62659
£6.81579
1,.34968
5,29565

5.99662
-4,15182
8,5°873
3.25929
4,24583

4,35000
5.24538
8.382663
¥.97u53
11,34442

+3.21042
24,23159
‘5,24461
v.35144
3.17241

53

53
53
53

53
53
53

53

53
53
54
54
54

54
54
54

54

54
54
54
54
54

54
54
54
54
54

54
54
54
54
54

54
54
54
54
54

hp
112.4
3051
9% .0
19R,5
111.9

79.1
In8.7
102.3

8o, R
10n.0

92.3
A%.4
1n9.1
94.9
9R,.Y

98.5
91.7
1242
1n5.2
a2,n

RAhH
9h.2
1nA3
106.¢
91.7

Ra.4
82.9
945
108.7
112.0

110.1
93.8
43,9
A4,.6
77.9

10R.8
10A.5
93,2
91.8
92,3

91.1
Rteh
A7.0
9340
Ra.3

87,7
110,09
ko9
78.8
AT 9

94,8
98,2
91.7

an 0

R, 4

Q4.0
3946
AR
ATt
A7.4

h

1r3.8
ax.4
3.2
1r1.7
174.5

78,7
114,64
c2.5
1.2
o, 6

5,1
1.7
0y, 8
an.7
$3.3

1.4
7.4
0.2
OH,3
bn,3

Ra4,5
95,4
%9.3
102,0
k4,5

1.5
LTINS
A5.1
14,2
in2.0

99.0
102.2
74.1
27,8
k.7

Sn,B
f1.0
ke 9
1.9
7R.2

R3.0
@2.0
L}
76,9
£3.9

03,4
9.0
KR, L
es 2
x4 ,9

.1
“n,b
»9q,0
1,9
7.8
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he
102.5
8%,o
90,4
96,8
100,r

76.p
103.,%
87.¢
L
93,4

82,x
Bi.1
94,0
Bh,m
8b,4

85,4
83,7
83.x
94,4
TR,

79,8
90,7
97.8
9H LA
80.4

7R.a
77.4
75.4
99,2
99,9

107.x
87.4
8n.2
82,
76.n

92.n
96,
71.n
82,4
81.1

81.4
79,x
83 ,.%
79.7
74,4

80,9
82.%
85,3
76,6
81,p

Bé,0
82,.%
83,p
92.9
8041

8R,7
97.4
7e,%
L1
84,4

<9
¥7
57
15
64

71

104
&0
77

£9
74
26
101
g4

S4
20k
128

$R
100

113
1u9

+75
202

197
105
207
114
65

175
YY)
152
145
251

71
106
153
159
13

179
220
313

né4

271
105
PEB
s07
255

267
oeh
237
k1]
277

8

16
33
36

25
39
45
Su
34

19
29

1%

38
31
33
36
23

28
51
24

24

186
26
49
55
56

39
58
14

48

47

24
35

24
14
17
33

6
43
asé
55
59

49
22
49
18
28

&6
16
-9
4%
26

1A
83
16
-15
-19

48

30
18

28
S8
-

-23
=2n
44
37
55

33

3n
is
59

37
36

23
12

39
-2
6R
62
50

=28
58
=19
56
51

8&
16
4s
54
1

42
36
33

48

48
34

59

45
35

52

34
40
26

40
12
31

17

19
21

23
21

23
32
39
48

35

29
49
32

27
1
10
29
36

45
12
20
47
312

51
35
25
39
a4

Cos Z

0,454
0,708
0.766
0,941
0,909

0,970
0.624
0,958
0,593
0.387

0,889
0.R84
0,904
0,971
0,940

0,508
0,952
0,853
0,555
0.965

0,972
0.503

0,644

0.795
0.743

0.9R5
0,926
0,423
0,940
g.R12

0,190
0.607
0,962
0.899
0,910

0.956
0,915
0.973
0,830
0,642

0,993
0,629
0,685
0.931
0,805

0.877
0,240
0,599
0,539
0,950

0,501
0,284
0,577
0,905
Uen7i

0,804
0,508
0.959
0,938
0.670

SE.n
37.4
21.7
52.9
70,8

14,8
43.n
35.n
16,8
41,2

44,1
16,4
1.4
39.1
29.n

26,&
24,3
58,2
43.0
14,4

36,4
44,7
58,2
64,8
27.5

3I0.7
17.7
1R8.9
64,6
71.4

68,9
32.4
17.%
21.0
12,18

44,7
S1.n
2%.n
28,4
32.1

34.0
13,9
22.%
20,7
13,7

26,4
32,4
1k .4
12,2
18,2

38.4
19.%
39.4
26.7

]

25.0
J6, 4
18,r
17.0
25.?7

0.949
0.92¢

6.700

0.974
0.%68

0.347
0.872
0.900
0.704
0.795

0.968
0.577
0.989
0.941
0.836

0.872
0.744
0.947
0.992
0.310

0.944
0.677
0.987
0.889
0.772

0,827
0.386
0.727
0.952
0.976

0.803
0,934
0.330
0,762
0,144

0.964
0.984
6.810
0.807
0.652

0.871
0.47%
0.660
0.639
0.472

0.794
0.860
0.172
0.148
0.417

n.953
6.703
0.958
0.0644
o.ka7

0,629
0.947
0.642
0.100
0.747

45,3

68.4 "

99.9
52.7
16.4

94,3
67.2
71.4
123.5
64,9

66,0
113.2
39.5
63.3
84.4

94.8
91.3
41.8
67.5
87.8

76.4
61.1
45.5
31.8
84.8

77.4
87,3
114.8
33.0
16.5

18.2
86,1
54,1
106.7
84,2

65.6
57.9

83,7

84.4
79.6

77.0
126.7
92.3
97.2
139.2

92.0
78,0
87,1
98.2
104.0

71.7
111,0
59.3
89.1
96.0

90.8
76,2
112,3
74.0
92.2

fe

0.30
1.67
7.04
7.63
0.20

2.40
5.13
2.83
7,07
9.63

11,00
4.31
3.30
6.29
2.38

12,20
4.1¢
4.50
9.3%
3.17

3.18
1.64
4.87
1.27
7.3¢0

2.22
13.80
10.10

2.26

0.32

0.59
t2.20
1.00
6.76
5.29

10.30
1.22

1.63
3.0

12,10
3.31
3.94
6.84
1.37

13.20
2.46
7.44
3.28
3.92

3.72
11.30
3187
1.00
4.10

1.00
3.86
1.00
5.64
11.00

51
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APPENDIX II. COMPUTED VALUES IN THE DATA SAMPLE
. =
g z
[e] [P [ 4 [+ 4
= e [ = .
Sy xo g5 g RS B4 2
[ a ad a5 . e
w 0 - T . 0% < g E © ]
% 0 = i = 4 . = L =0
s <« =8 & w x Ty 14 4
z = = o> oz o ox < 2
mﬁ 0 w lgg s w - &’ . j.: ac
- . . . = [ @
za 8 oG L2 S Eo S ba b5& G i
d<a ] oJd Ba W 20 EN - a [ =K = -
# logm Be fa f fe fd fo fs ft
1 =1,355  14.07 1,111 1,783 v.u3n 1,037 1,416 1,272 ___0.933
- s B 1% | AT.010 (RS 1.21n 0,57 % 1,038 T, 3% LY 0,8R4
3 «1.199 “«b bR n,914 £.179 Oeb7X U e9?25 Ne163 0,293 . U.,B44
I S T L"5 R ST v A | -7 X+ RN | D51 ¥ (N LS & S AL, KA DTS B B - 0.97%4
5 =1,181 RL, 73 n.642 0.330  D.57% 1.001 0,236 0,424
6 =1,151 4,12 N, 625 7.430 1,088 U.079 0,535 U.4Rr0 U.563
7 =0,9%1 ~t,14 n,371 1,360 0e572 1.n02 0.491 , 0,8Rr3 - —3.320_
B 1,160 =9.0R” 1,572 7 T3S E T T, 42T T UL ek I PR T : B BT A 1,883
9 1,24 6,95 3351 U.n1n 1.00% L,R9E n.n53 0,n48 — RS
10 =1,049 -1,74 N, 440 — (0,474 qeer T T 0,938 Tn.e27 0,383 0,445
11 =U.9A9 t.78 1.7514 N.141 0.%32 ¢,992 N, 386 0,347 —1.410
THZT «iLW9R2 T AY .79 7,380 TH.347 SISl T 1Y.al9 T nNet30 0,233 U, 388
13 =1,208 36,37 n,199 1.957 NeR7% 1,n30 N.487 0,348 — 402
& Te),641 T 74.T7E 1.264 enpAR T T TO0.E7RT T,9RB stk 0,191 1,246
15 U, 3RS 14,66 n,144 Heh1Q 1e793 'IR-1.1.] 0,116 0,104 L.n96
HET 0,074 13,35 TU2R7 7RISR T T ODJTIE S GL,6T8 0,«06 0,795 G un?
17 Ha369 14,99 n,678 1.229 Neh37 1 .955 He¥05 0,813 =
TART et 2¢3 7 TRG 407 174 7 7 T kA TeRIR T J,985 ° 0,144 0,040 t.nR6
19 ~1,281 10,97 0,984 1,117 0e57% 16997 1,155 0,948 ~. 0,490
70 ~U.253 35, BH N.177 0,798 Tev73% 1,040 T,12F U.114 0en02
71 =~ul7959 ul .31 n.663 4155 04%73 Q26 1.101 0,182 U631
DY Su.7%6 7 R T3.BeT T T AL 711 2,258 1,867 ERTNCLY S 4,049 3,639 U.925
23 -0.,413 wE L 382 1,541 2.215% 0572 1,993 1,151 2,nk7 y,.826
04 1,122 43,08 n,196 0.783 0.A59 T.r41 Ne177 V.19 0,417
Y5 =1,133 $.32 ~1.h40 0.3k 14032 L4976 N,267 v,240 1,640
Y6 T w1275 T a3 2.274 0,191 N.k8? T .9hk5 n,4R4 0,435 1,309
27 1,529 Bt ., 99 1,383 0,627 0,573 1,093 0,709 1,633 1,518
73 4,565 O, 88 n.144 T.137 D.57% T .Q2¢ N, 14K 0,331 0. nkb
29 =0(,409 14,10 n,963 1.143 1.461 1e9k3 2,179 2,728 1.100
Y ey ,739 1,44 n,434 0,291 14124 1,033 0,248 0,223 0.439
11 =1,220 b.g4 2,794 C.néy 1,069 1,97V 0,224 0,205 2,52%
T e1.164 37 .60 7.173 047 N.YBR T rFk3 Me 158 T.771 0.1%9
T3 1,448 -1k, 30 n.191 1,343 1e5 78 Le044 Net96 6,176 0.004
4 ey,0c1 c.0n 1,279 heNBA " 1.103 Lennl o139 0,125 1.230
¢S5 wi,6%5 .41 n.840 .n74 1.13¢ ennd He119 Uegn7 —U.B36
e 1,910 wDT 2R T.057 1,374 1V71¢ o057 EPRIL 3,440 1.545
<7 =1,529 1,29 he133 UsN71 1.13p ., 9R% 0.1118 U.n16 0.129
W =1,020 S0, 98 1,343 1.03% nNe72 j.nR4 1en75 2.830 1.496
19 w1, 9u6 a4y, 47 1,214 2.12n Neb7x LaG4z Nea1? 0,749 ___ (.p2p3
40 =1,2K7 6.9 n,92% 0,460 1.769 L 4,990 0,766 0,mR8 0,A59
4] 1,576 15,66 n.1%1 1.219 14370 LY n,412 0,370 0.174
12 1,607 21,44 n,154 1.924 1,494 Yy N,ahb 0,598 0.178
43 =1 ,R?5 .83 n.151 0,318 1,117 1,008 0,196 U,0R6 0,146
44 1,295 11, 4K n.4a06 d.n54 Nev 74 .,oR7 2,100 1,RKRY7 0,305
45 1,575 o, 96 1,144 U.HRA9 0.9R 1,050 1,423 1.459 e, 942
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+#* logm Be ta { fe ta fo fs ~ft
46 1,274 <U95,1% 125 IEE] 1,487 ,e52 0,126 0,024 0,144
47 a1.4434 -11,49 n,619 1.54Q 1.4 i,n04 2,191 1,069 — .71
4R L, 9Ry T 4,91 9,174 BRERCED TTU.9B2 1 L0hk3 TTAWLAT0 0,953 0.440
“9  a1,N03 16.13 n,314 4.491 1.1 4 QR2 24405 2.161
50 eyu,a41 nZ.24 3,082 .n4q (PRYA] 1,93 D120 0,216 3.080
‘51 1,237 ¢.,74 N792 N.217 1.793 1.000 N4295 0,965 —_ 754
TR2 T -1,3%6 B8R nL,34T T U247 TD.eTR T UJeid T 0,82 0,1a7 T 0,316
58 w1,1M6 9.47 0,749 0.R17 146319 1,n71 1,141 1,026 __D.721
54 <1,842 -5, 65 1,950 0,225 .30t T.n13 n,375% U,R76 2,237
S5 b ,BI3 -2t 35 n,637 2,740 1,550 i, 970 4,456 4,nn5 0,839
56 1,373 TG, 62 5,852 1.934 TT0.78p T.n20 = 2,213 1,989 U.591
~7 1,063 5.0 1,664 f.173 1.724P 1,002 0,507 0,546 e 1.831
S8 -u.739 -4.16 n.121 G.151 1,191 933 n.n34d 0,031 0,117
“9  «=1,479 3,86 n,122 0,156 1.11% l.n0% 1,138 0,n34 —U.119
TTAG 1,809 T T eT T L3 T el T T heR? T LU RRY T T 196 0,381 0,296
A1 i HFT =-24.,15 4,221 0,029 1429 _ 1,020 N,260 0,234 — 2,381
2 =1,19% =1t .42 e 531 2.726 10315 lenng 3,238 2,909 G.613
A3 e 625 AL, 34 n.341 (1,344 Ne®7x 1,938 n.105 0,1R9 S 0.339
A4 Teu 107 T er7.417 T T 4R T T 1,417 T T 1,424 T (L.R9G 7.452 " 0,406 0.164
“5  =1,59%0 _-%€.60  Nn,411 3,045  1.%6R Le98y 3.387 3,493 —0.850
~h =1.428 ~17,65 1.524 FINCEE] 1.3%77 U,985 2.19% 1,8R3 1,800
A7 =i, 523 3.71 n,121 Ge22R 1e1Qn L LA93 Ne146" 0,041 1
Ted A ,513 T 8,20 R Ien T T Ree T 10829 7w eBE  TU,i8E T 0,169 0,119
“9  w1.nZ26 -10,44 n.,174 U.941 1e74k 971 04341 U.3n6 — 0,483
S0 au AR T 97041 AA9dT T TILeIYT T 6.%39 7 1,A%8 0 0,399 0,358 V0,166
71 =n.251 10,63 n.147  w,974 1.03p 1,928 0,231 0,908 -
72 1,451 -7.82 1.3%1 1.369 1,728 092 10125 0.021 1.432
73 -1.176 13,85 564 o130 1.134 1.n75 3,323 2,986 — 0.548
X T S S O X R > T2.085 T T0erb1 069 T T, R12T T T ian0 0.306
’5  wi.754 406,08 1,849 Ne 24 1.010b n.216 0,194 ——0.131
T8 ey 634 T 072w T D.2%8 T 0.m3K 1,035 7T A.e88 T 0,794 T 1,585
17 -1,428  ob.4R L Be21R L 0eR25 1.037 0 0,580 0,611 —3.608
74 ~1.041 26,74 N.271 Ne497 v .q8Z Tn.805  0.724 1.427
'3 =u,9i8 =23,79 ) 2.548 1.420 965 3,395 3,051 . (.4R8
0 -l ,332 a¢ 89 N,22R 1.39n Ne75Q vaQR1 e 39K 0,358 U,148
Al =1,604 11,39 n,264 4,397 14659 1.n39 2,145 1,927 —0. 052
BT TR U L1~ Ry T ' 3 0,423 14219 1.237 0 933 T TTW,n52T T 6,047 7 0,124
~3 =1.D013 5.u2 1.49? N.15A 14107 Lyn76 e 467 0,420 . 1.54%
~4 .0,B%6 ~10,54 J,26n 0.215 1+25n I,n2% 1,749 0,043 2,519
45 1,074 4,484 1.91% 0.190 1.10n 1,095 n, 389 0.350 _
K& 1,333 T0EL36 T N,497 T T 2,9RR L0050 4963 T2.178° 1,987 0,376
"7 1,078 21,09 631 1,020 N.978 " QR4 1,117 0,106 __3.n34_
VB an.057 5,31 G.147 T.25% T.74% 1.n51 NeB7 D.0&0 0,137
49 =1.B70 17,92 1.177 2.420 Deuar 1.083 Ne764 0,6R7 . 0.1%8_
40 Twl,716 =0, 49 .184 7 7 2,513 T1e565 T r.074 T 4,042 1,089 ’ 0,249
21 =1,061 4,03 n,689 .45%1 1.104 l.nN4 nN,582 0,523
G2 =2.149 1.21 n.71% n.nna 14135 1.%a0 N.140 0,125 0,747
93wl 787 21,26 n.9yo 1,620 n.e0x 1.n06 2,258 2,029 0,749
EE) ¥ 1. 76 a,R13 1.17% 0.992 Ve998 1,526 1,372 0,701
G5 w1.067 16,96 1.283 n.,93p 04997 1.021 2,057 1,849 —1.3a3
58 al.01% =937 N.277 1,655 T.74F T.n?26 7.1256 1,990 0.303
17 «i,951 2,18 2.047 n.n3o 1.16K Lonb2 N.136 0,122 __2.,7n4
B wi.Am71 1€ .1 GeGre Tears | Toniw TTIRiT HERE R T hera n_727
99 =1,162 -38.56 n.,17h 3.35% 1.963 1,934 1,424 1,639 ——U.28p
B L1 S 5 Aol - OO - S I 52 I - T /T K R G- R DA T ¥ N e 11 S 0.7299
101y e, 628 71.62 1,137 i, AN R Nes73 114935 o229 1,483 .—Yonk0
I TS WA 5.0 R T B SN A (- 1 R VI 73 W S 1 R S LY DAY LS N 2 1,n30
Ind  «1,216 19,37 n,143 1,978 o231 1.n28 Ne456 V.4n9 0318
Ind T w1, 734 SE, 47 T 497 XV n T T 0WFIR T ILpRT T TS, AN T2,y T T 0.395
195 «1,406 .21 1,167 DIOER] 1.121 Lennb e N0 0,180 1,44y
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IFE T e1.373 £ 80 T TP B77 0 T .20 TOOLETT T OUVeTY T TN 887 T 019 2,616
197 «1,198 -2,81 N.393 1,440 1.748 Je9R6 14500 1,348 —_——any
IR en,e31 T T <-F,BE T 1.07R 1 e33A 4,734 I.a0l TN, R8T T 0,799 ' 1.1%9
159 =1,092 ~29,17 1.673 U,872 5.117 i ,019 11,537 10,368 6,828
II0 =0.975 STT7T o557 EE] T.757 DR e 82 U,073 0.518
111 0,945 22.69 1.093 1.44R Ne%4a L.nR& 2,747 2.4K9 —_—0e29
T2 1,773 7.8 T R,697 7 1.843 0,930 IV n91 2,223 1,998 0./16
113 -U,676 13,26 1,237 2.054 Do 1,077 n,507 0,4%6 - 0,422
IIEF 0,942 3,39 n. B20 227 T 1.177 .998 0369 U, 372 0.R39
115 wi1,643 17,46 n,79% 1.311 1,103 tV,9R6 1.739 1,562 _ U.aRS
196 “e1.072 €71 Th.9T7k 1,452 1.n63 1,n62 n, 43 0,758 0.942
147 «1,465 -H,05 2,430 N.114 1.7R% 1,016 nN,h09 0,547 2.759
“I78  =1.XF0  5.68 7,484 1,238 18X Ton25 1,135 T.070 U.455
119  ~1;,348 31,42 n,18m 1,913 net73 L .0h9 Ne161 U.145 U.n9l
170 =1 079 T e55.14 1,450 0.557 1.48p U,068 1,963 1,764 1,819
121 «1,351 1,04 1,355 B.03% 1.137 1,054 n,189 UBonky 1.4n8
172 =1.5F5 T E IR LYE S T, 2%A T "2 T 0,583 1,307 T.2F1 2.916
173 =14,R43 2t ,24 2,100 .2%R DeRq4 1.,n26 N.763 0,h86 S 1,529
174  =1,399 37.04 n,403 3,700 Neh73 1,n58 1,525 1,371 0.213
175  «1.0R7 =0, 87 3,614 (1an51q 1,834 L4995 N,146 U,4n1
178 <1.727 =7.5% 1,391 0,357 T.7%4 . 699 T.115 T,Ar2 1,5K%
127 «u,933 22,86 3,53K 0.n42 NeH7X 1,nb6 Ne152 0,137 S 1.881
TI?R T T-1,050 4,38 0,251 0.684 NevP2 14993 Ne159 6,285 0.049
129  =1,483 10,17 n.152 1.079 DenBX 1,076 N, 239 0,715
130 T ei,a93 22,19 7,105 0,345 Der24 1,054 t.066b 0,958 1.503
131 «1,472 =3.19 1,484 N.17R 1e/04 1,007 Ny942 U anr7 1.569
132 ~1,423 23,12 n,142 1.627 0s522 .018 n.205 0,1R4 0.045
133 «~1,203 21,99 1,314 0,911 Nerdn 1.n90 14472 1,6R2 __1.n61
1347 50,954 15.24 n, 926 0.874 (N L 1.n05 1,160 1.n42 0.6R5
185 =1,406 16,40 1.359 €572 24759 L.81¢ 2,494 2,821 2.430
1367 «1,2:67 13,39 n.BOA 0.971 0eré2 1.0ty 1,152 1.n35 0.612
147 «1,119 6,76 1.408 1.353 Ne4a L,081 N.779 0,700 1.93%8
138 " ~u,RR7 149,20 1.741 0.464 NeB7 I.,n24 LR 1,439 1,779
159 0,347 21,74 1,529 2.465 0,432 1,04 14433 1,652 — 0.285
140 1,630 L.62 N.630 0.112 1.13n L,Q79 TNn.132 0,118 0,607
141 «1,656 21,060 1.37R 01,5839 0,527 1.n77 1.219 1,096 — 1.9
342 T a1.538 7 16,94 1.045 1,459 N7 1,091 1,709 1,446 0.5A9
143 =1,459 49.60 2.297 0,234 Oen73 1.n5%9 N,556 0,999 - 2.421
144 1,141 ~t.47 4,417 U.020 1.72n 1,048 Ne193 0,174 4,916
145 ~u,BH6  1U,72 1,362 0,359 1erQ7 1,n37 N.462 0,775 _1.239
146 0,322 7,15 1,206 0,360 0eu7n T,n04 0,735 0,661 1.n29
147 1,207 43,34 0,780 1.755% Neb7X 1.n46 1,484 1,244 0.an?
148 .=1,4/8 Z.34 n.41fk 0,273 1.107 1,933 N,19"8 0.178 0.374
149 1,096 10,06 n,15% 0.5%4 Nk 11,976 0080 U, n72 .04
1%y e1.660 5.k 1.516 3,140 1.744 1,024 n,518 0,406 1.642
151 ~1.2R0 ~4,39 1,507 0,147 1.2% 1,005 14521 0,469 ~ l.e08
152 =1.199 “2.13 KTE [YE 1.182 1.020 N.178 0,140 4,192
153 w1,460 57.63 1.498 4,29% leb73 I-%1" N, 385 0,693 1.4n4
{54 31,275 - ®b.17 n. 358 0,818 nesya Ten2d 04289 0.520 0,365
155w, 316 16,99 n,144 1,270 0,57% y,927 0,164 U,147
156 «1,284 169 0D.172 1.277 NeR7x T.n7°4 Nao17 0,195 U.nR3
157 =1.414 25.43 n.949 1.27A N.s734 L.n56 14609 1,446 Uapal
158 1,483 _y.97 n.734 (1,435 057X T 1,n31 n,318 0,572 0,755
159  =1,449 83,77 0,493 U.21% Nek73 1.n07 0,105 0,1R8 —_—.495
140 ~1,000 85, U4 1,154 1.4% D.R73 1.n80U 1,734 3,917 1,748
151 ~U,2K6 26,11 n.319 4.580 N.&73 1.RP6 1,766 1,138 B.143
182 =u,629 -1,34 n,421 0,337 1.18% 1,937 1,266 0,739 0.4n7
1+3 1,835 t.6R 1,211 0,048 14127 1.976 n.107 6,096 1,440
144 1,319 3.00 1.200 N,n77 1,189 C.9Ré Ne167 0,150 1.120
145  w1,8H9 3,87 n.,928 1,628 057 1,689 1,591 2,859 l.0n8
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 #* log m Be fa fy fe fq fo fg i
., A14 TREL34TT T TR T akas (1,673 .ot y,564 2272 1,878
117 «1,0%7 2e.61 n,385 5,625 Gen7x l,n08 1,398 1,220 _ _0.493
T14537 Te1.,119 D IR T 2T T 0,470 T 0er9q 1.n41 PR L .976 - 1.298
19 =i ,877 ®7,33 1.947 14520 Neb73R 1.n%6 147149 1,845 2.046
170 =u.8R7 17.65 n.B835 0,931 Heb73 Ten00 W, 792 0,712 0,417
171 «u,.846 51,46 2,347 0.40% Den73 U.078 n,395 1,609 2,200
172 <1.0%1 16.60 n.84? 1.23R 0e79F U 974 T TTLVass T, xn7 T T U.5R3
173 ~1,.160 5,73 1.11? 1.149 0572 1,074 1.327 1,193 0.%96
174 -1,5%6 13,02 ?2.631 G,n24 TeChY 1.n73 N, 111 0,100 2,3n9
175 «0.962 51,838 1,68n 0.93n Nev7% 1.n74 1.709 3,072 __.1.,800
176 «u,762  aC,79 n.897 1,684 0573 “1.0n20 1,489 1,338 0,456
177 =u,741 ~0.85 0.599 0.315 1.166 1,903 n, 336 0,302 —0.550_
178 1,044 X7.45 1.977 0.n4% 0.57% 1,011 0.n8R 0,179 0.998
179 =1,248 40,63 1.544% 0,394 Nen73 u, b4 4372 0,514 . f.742
140 «1,370 43,10 0,320 3,320 0573 U993 t.920 0,917 7 0,158
171 =1,301 AULLG n.R61 1.311 D472 1.401 1.201 2,159 - U.048
12 =-1.3c2 11.85 1.027 0.447 Te57% i ,GB8E 0,436 0,392 V.54
1#3 «1,07% ~0,74 n.580 0,327 1.194 .31 0, 355 0,319 S UNCLS B
1¥4  «1,1#1 1.44 0,370 0.194 7 1.n41 i, 044 0,113 0,101 0.317
145 ~y,729 7.76 5,014 0.034 0e%9% Y 3 D.113 0,101 1,712
16 =1,072 wb,37 n,935 0,734 Nes71 1,074 0,714 1,983 i.nn1
147 «0,409 24,44 n,185 1.871 DeR7% CLL) N.430 0,207 . 0.p91
‘IH8 <1.359 =403 N.703 1.455 1.500 1,933 G.311 0,799 0.919
1%9  =1,462 =-4,15 n.718 0,593 14¢ 3R 44933 n, 731 0,37 3
19 T e1Va77 T UTENBl 1,180 0,413 0,573 1.n36 N, 4Rk 0,876 1.220
191 1,411 =-23,21 1.661 0.599 114454 LLR7Y 14,753 15,0%4 _ 14,425
1132 1,773 T RU,3B 7.75n 07144 Y ATV 0,107 0,19% 0.770
133 «1,108 16,22 n,143 0,721 0.r21 L,9%9 0,137 0,123 — 0.aQ8
194 1,350 a7, 26 1,486 1.724 0573 " TV Riv T .56 T 1,718 T 1,343
195  «i), 856 73,88 2,032 N5 0573 1.0nd6 1,109 0,196 2,420
TI96 =1, pO7 T 25,25 7 TNLP63 T T 258 T Ae735 " 1T.,a71 777 1,39 1,3 0,1R0
1727  «1,8K3 15,44 n.149 0,935 0.~55 1en00 0.201 0,180
TI9R T «1,462 a1,14 n, 174 1,364 0.57% 1.nA5 0,249 7 0,223 0.n9d
109 w853 2%,47 0,150 1,723 N.573 v,020 n,230 0,2n6 _0.ntS_
Zh0  =U.FRARQ -7.9? T.849 ,915 TT6x L} 1,704 1,533 0,973
211 wu.B79 4L, 47 n,343 1,814 0De5732 1,049 n.571 1,026 — 0x24
272 Tay,536 =32z 7007 0.047 i.48% ee87 T 0,236 0,212 B 2.567
€13 =1,128 -1,29 n.572 f,137 1.75¢ (-1 n,2n9 0,188 e (.540
27§ «1.775 3t 31 323 Z.585 BLDRYA T.nd7 PR L 1,318 0.337
€nS  «i,302 13,96 2.491 D563 L «R97 0,098 0.,n88 .1.2q1
NSNS AIV27 T LB T T T, 64T TH73 T.n33 0,794 0,179 77 1.545
€ny  .0,292 18,00 1,06A D.118 Ne573 10996 N.348 0,313 1,824
78 ~1.133 =2. 17 7.561 T 037 BLE T,Q48 7,180 L PR} 2,513
€n9  =1,411 26.02 N.134 n,977 o372 U,971 0,183 0,164 __0.n96
210 0,370 av.si1 iR 0,651 0.57% t.913 1,741 TTU4LeYT T 1,462
211 ~1,560 -4.06 0.130 b.03? 1.700 l.n16 0,309 0ipn8 __ 0,438
TE12 «0.679 34,96 n,289 4,337 0.76R 1T.n17 1,613 1,450 U.192
213 «1,B66 44,33 0,256 1,709 0,420 u,q86 0,451 0,A11 TP . 9
248" -1 _pié T CF A% N, 144 FE- I WY F R Y. (A . T S (N D - YY)
215 =i1,154 1,19 N,24n 2.419 0730 1.064 n,759 0,683 — 0482
276 <-1,694 2,30 1,639 0.23A 0.57% 911 0. 355 U.639 1,494
217 1,181 16,58 0,629 2,n2n N.740 1.n1d 2,059 1,851 —. D826
218 «1,394 «20,88 N.662 1,822 Ze01k 1,09 4,575 LT 1,925
219  w0,766 4,96 n.871 0,365 1.n84 1,036 0.%04 0,542
Le?0 1,075 T TRIL9N 1,954 T T 0.67% 0,720 ~ 1,n94 C1.748 0 1,671 7T 1.341
2721 =1,068 16.20 2,035 0,318 04559 l.n28 1.n67 0,959 __1.7232.
222 1,319 0 15,35 w15 77 A, ndn T 1.0t® T 10A74 7 0,292 0,262 0.145
2723 1,302 4,83 n.9n2 0.351 1.717 l.n21 N.664 0,597 —_0.076
274 0,440 =341 T1VA9T T T 0.176 T 1.180 W,971 n.508 0,457 " 1.4R8
275 w1,0K9 4,93 n,754 1s549 1.072 1.n24 0,770 0,692 0,723
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226 -0 ,825 745,30 N 182 U.210 N, %3¢ 0,920 0.038 77 U, 068 0.1586
227 =i,1%0 z.17 n,435 0.435 1.107 1e973 f1.384 0,345 0,408
228 =1,459 Ta1z.62 1.024 0.657 1,326 D.9R8 1,488 1,337 ’ 1,148
279 «1,246 25,25 n,218 4.414 0.909 1.053 14550 1,393 0.1R0
280 =1.067 J.5R n.134 G.20k 1.114 T4n37 NeN54 T.04% 0,135
231 «1,0097 6,35 2,461 Gelno 1.071 1.,n72 n,.521 0,468 2.4A1
232 «1,719 AD.16 7 7,281 1.97n 0.573 i.954 nN.511 0,918 0.2A8
213 1,140 -4,00 n,490 0.,72% 1,18% 1.n64 1,755 0,678 . 0.s27
234 0,430 -19.58 1,912 D.414 1.80 U.9d7 1,747 1,570 2.176
235  =01,959 11,34 n.335  3.415 24432 Ue907 4,290 3.855 0.5

T23%6 an,B05 T 96,1R n,409 4,443 0.944 1.n29% 2,969 2,668 0,345
2%7 -0 858 wtl, 75 1.923 0,247 1,781 l.n27 14053 0.946 e 240203
738 =0,445 -t4.67 M,180 7.601 1,797 1,035 1,158 0,951 0,210
239  ei,852 7.00 n,43? 1,997 1.MRR 1,n73 1,498 1,526 0.429
740 WU,718 -4, 06,634 0,416 1,182 1,083 0,557 0,501 0.892
241 =1.593 «27,80 n.762 1,779 1,533 ul.Q3l 3,260 2,930 L.046
292 «1,159 -7.43 n.949 0.508 1.714 1.n60 1,148 0,940 I LR
243 =y,423 -16,16 n.24n 3,146 1.32p 1.n15 1,721 1,546 0,281

P34 Tan,873 15,30 T n.309 3,747 1.378 L.939 2.524 2,268 0,348
245 =1,064 -t,91 24,463 0,137 1.22P 1,n68 n,745 0,669 2,816
236 1,012 5.28 n.553 0,875 1.1n1 1.n74 n,767 0,869 0.570
247 11,866 0,98 n,319 0.681 0,57x W,929 n,195 6,350 U.296
248 «1,149 96,35 n.198 3,426 1470 u,.958 1,434 1,648 0.276
249 1,384 1.04 0,160 1.107 1.13x t,997 0, 23R 0,303 U.an7
250 Twu.742 T Teq8.79 n,843 1,146 1.79% V982 2.072 1,862 U,012
291 1,434 3.54 n.768 0,435 1,113 1.nR6 n,581 0.612 U.BNY
252 wi,8B86 34,75 1.794 0.898 0663 1,045 2,452 2,203 1,469
253 Ve162 53.87 1.459 0,749 0.57% .914 0465 1,735 1,330
254 <1.277 7 20,87 n.154¢ 1,959 0,933 “1.n53 nN.500 0,449 v.132
255 =y ,754 15,75 n.138 0.339 0,947 l.n02 N.025 0,067 0,414
256 -1.043 T «13,97 n,127 0.582 1.31% G.874 N.144 0,129 0,127
257 =1,163 41,79 n.566 2,640 1,952 14950 4,710 4,233 —0.914
258 1,850 51,072 1,759 0,0A? 0.573 1,066 0,113 0,2n3 1,872
259 1,261 16,02 1,260 0.619 1.01R 1,033 1.385 1,244 1,194
2A0 =1.319 44,08 3,139 0.140 0.57% 1.0n38 De367 1.019 3.250
2h1 =y.754 28,89 n.296 4,074 0.R5% 1.n62 14938 1.742 — 0,034
2h2 aD,B844 87,91 n.224 0,659 0,573 1.n40 n.151 0.272 U237
243 0.197 17,74 0.960 1.602 0.939 14075 2,517 2,352 0,843
254 =1.623 2.81 n.?56 0.271 1.10% 1.n08 0,384 0,345 0,732
265 3,493 79.17 n.,635 0,644 0,57% 4.95b n.379 0,680 u.en7
2h6  «0,8R7 T R0,60 n.511 3.041 0.769 1,097 2,026 2,001 0,375
247 0,870 13,83 2.553 0,133 0.947 U,955 n.517 0,465 2.0r9
268 =1,707 ~7.37 1.143 n.4n07 1,744 1,027 1,103 0,501 1,072
269  «0,3%6 13.68 1,374 0.699 0,049 1.n48 14404 1,762 1.191
270 0,466 8,97 2.959 0.050 1.77% 14000 Ne316 0,7R4 3,087
271 «0),963 15,58 n,929 1,911 057X 1.,n24 1,757 1,579 0.a75
272 7,332 =3, 81 0.556 0,.53%, 1.79% U.BAZ .31 U.477 0.%11
273 ~1.484 73.48 1.703 0.426 0,573 U,948 0,665 1,195 1.611
274 aU,R14 29,68 3.444 0.101 Nea7x 1,936 N.316  0,2R4 1,600
275 «1.265 £9,63 1.588 0.270 0573 1.n58 0.438 0,788 —1.877
76 0,941 23,70 N, 41R 1,139 1,556 .28 ,763 I.046 0,527
277 0,514 15,64 1,297 n.874 Neb73 LeR9U N,972 0,873 1.574
278 0,567 3,76 n,449 1,034 0.904 Uv,044 0,469 0,401 0,313
279 «1,375 R0,04 n.694 0,148 0573 1.n36 0,103 0,185 0.717
270 1,340 73,60 n,999 0.507 0,572 1,n22 0,500 0,R09 1.019
2P1  «1,588 Y, 07 n,793 0.139 0e57% U,999 0,107 0,192 0.2491
2v2  «1,591 6,80 0,403 1.n74 0.,%5¢" u,030 n,584 7,525 0,271
243 =),B45 8,67 1,622 N.073 0.573 1,n64 n.123 0,270 +=
24 <1, 795 70,99 1.R46 0.339 Debyx  TTT,0850 THL,A35 T 1.141 1,935
285  =1,046 24,35 0,900 1,451 G.572 1,064 1.217 1.n%4 u.433
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APPENDIX III,

NUMERICAL RESULTS FROM THE MULTIVARIABLE
STATISTICAL ANALYSIS

Xis.+. s X5=logm, logv l Bel » €, and A, Respectively

Statistical
Parameter

X,

51
S2
S3
Sq

Sp

Ty
Iye
T3
T4

I35

With Uniform
Weighting

-1,0351
1,4666
26,0074
0,7242

78.1870

0.4748
0.2287
22.3558
0.2200

31,6016

1.0000
0.0241

0.0028

(=]
.

[
[

0.0335

With Spatial
Weighting f S

-1.0503
1,4240
28,9383
0.7040

83.1402

0.4668
0.1793
18.9195
0.2214

21,2353

1.0000
0.0551
0.0040
0.1972

0.0770

With Terrestrial

Weighting ft

-1.0649
1,2870
25.8878
0.5505

97.1172

0.4170
0.1684
22,2727
0,2418

24,4780

1.0000
0,0102
0.0424
0.1148

0.1082
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Statistical With Uniform With Spatial With Terrestrial
Parameter Weighting Weighting fs Weighting f ¢
Ty 1.0000 1,0000 1,0000
Ty -0,0485 -0.1242 0.0465
Toy 0.7917 0.8324 0.8108
Ty ~0. 8963 -0,8258 -0.6369
T3 1.0000 1.0000 1.0000
) -0.1969 -0.2718 -0.1343
Tss 0,0829 0.1196 -0.0606
Ty 1.0000 1.0000 1.0000
Ty -0.5186 -0.,4496 -0.1649
T'g 1.0000 1.0000 1.0000
R 0.0282 0.0274 0.0629
Ry 0.0289 0.0300 0.0658
Ry -0,0046 -0, 0159 -0.0238
Rys -0,0013 -0.0036 -0.0074
Ry 0,0075 0.0189 0.0273




- APPENDIX I, ( Cont'd)
Statistical With Uniform With Spatial With Terrestrial
Parameter Weighting Weighting fs Weighting ft
Rys -0,0006 0.0028 0.0031
Ry 0.6849 0.6821 0.9156
Ryg 0.0675 0.0751 0.1074
f Ry -0.3213 -0.4194 -0.6834
Roys -0.4526 -0.3824 -0.4613
Rss 0.0360 0.0379 0.0773
Rgy -0,0380 -0.0548 -0.0904
Rgs -0.0438 -0.0416 -0.0480
Ry 0.1915 0.2971 0.5775
Rys 0.1915 0.2178 0.3316
Rs;s 0.3382 0.2500 0.2988
Se 0.4686 0.4457 0.4078
T{. 2345 0.1610- 0.2973 0.2091
r'y2. 345 0.0328 0.1114 0.0969
T13. 245 0.0395 0.1071 0.1034
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Statistical With Uniform With Spatial With Terrestrial
Parameter Weighting Weighting fS Weighting f ¢

T'4. 235 -0.1002 -0.2004 -0.1401

Ty5. 234 0.0060 -0,0321 -0.0219

Ta3. 145 -0.4300 -0.4667 -0.4032

Ta4. 135 0.8871 0.9315 0.9398

T'95. 134 0.9405 0.9261 0.8820

Y'34. 125 0.4576 0.5162 0.4274

r35. 124 0.3965 0.4273 0.3155

T45. 123 -0,7525 -0,7991 -0.7981
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